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PH AND TIME CONTROLLED DRUG DELIVERY SYSTPM coo 

cuvery SYSTEM FOR COLON DELIVERY 

FIELD OF THE INVENTION 

5 The present invention relates to a novel druo 

delivering therapeutic^. p^^7 ^ suitable for 

system is designed so that the release of 1 ° a The drug de,lver y 

combination of prindl! T **• SUbStance is by a 

10 contra necZ^^ZZ^r " 3 ^ ~ « 8 - 
designed to release the acth,* .JZI the dru 9 system is 

^stance is ready for ab^omtTlT " ^ *° e " SUre ** •» a <=«ve 
■oca., m colon ^"'° n Wa *• a *» «** ready for exertion «s effect 

15 BACKGROUND OF THE INVENTION 

co-on. Thus, research and deve^tn^ TT°° "** **** "*»'* * "» 

-eng., e, a,. in J. Drug r^Z ? F *™ *- «* ««0 540, 

Bussemer e. al. In CrMca, Lew ,^11 J * Le ° P0,d PST1 199 * *■ 197-204 and 

«*«* .n sKuatlons whC, ^ " ai * — *- * ParUculady 

30 ^nce,n,heco 1 on.Are b :CCl»::;^7 ,aS,re, ^ 0, ^^ 
•WcWy of an advantage In .hose ca«-T ™ in 11,8 "X 0 " " 

- -cendlng par, of B^CT^taX *** * "* abs0 ^ 

amount of ™ te , ffluld to ^"1^ T '" eref0re a su °*»« 

"he active substance Is m~ ,„ 7~77 n ~ KL situa,lon ls the effect of 

oo.cn is poorer that fmm the s Tu^ " "* *»" ^ 
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« * aso 3,, j£ 7JZ\Z naTOWabS0,Pta — * — substances 
substance taKes Zl^JH ^ *™ 3 *" ^ -» 

DESCRIPTION OF THE INVENTION 

The present invention orovidm » 
■0 «roe before tbe acSve 2^, ^ .« 3 P^iner, ^ 

20 therapeutical,' propa^^nl? "* *"» " ™* * 

0 an inner core 

«) a tlme^ontrolted layer surrounding the Inner coro 
an ^ZT^TZT* 10 " ~ ~ 

' substance is jJLV^L .k 5 ° 10 ab0Ut 80 «» a *° 

hours h wn JCTI ' ~ r " ^ 8 ^ * ' r0m — " * — « 
■B-easeu-atteasta™, ^ToTZ T , ° %W ' W °" h8 — 



5 acbVe sub^ lr^, 3 COmPOSifon Wl ' h 8 SP6dfiC reteaaa P— of >he 

may be de^l^ ^7 * Sam9 ^ The ** <"» - « 

.0 The second le o^Z be oesT T a ' m<>S ' ""^'^ UP ° n •**■—". 

subsfcnce I. £7 ^° ^ ^ * e • - absorpUon oHheacsve 

15 

substance contained in on. ™ m I ' sanw or "^"a". a «ive 

20 

such as. e.g„ „o, ^ Ca b ™t " D ~ " "* "™ *" abou ' 75% 

about » 1. no^ CbTJClr *" ^ 4% " 0 ' *«" 
25 value below about 40 tnsoecmclh * " n0 " n ° re ' hanabou ' 1% »* at the first pH 
betowabou«3.S ^^°'^ inmm0n -' he ' i ^^ 

about l-Sora pH rue ^^Tr 0 ' b """* , "«- ^ abou, 2.0. betov, 
<» nn vaiue corresponding to that of 0.1 N HCI. 

loaded ,o, during a^^T" *° *"» * 
about u ,o abou, 4 5 hours HolT C ° l ° n ' 139 Mme ls ""^ **» 

substance is absorbed from * C n Q r S ° where the **lve 

----^crrd^xr^^-- 
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An important feature of a drug deliv«y system of the present Invention Is that the active 
substance . relatrve* fas. reused after.he predated lag Ime. FurthermTtT 

Accordingly. after the abovennentloned lag time - a, .east about 60% * such as e o at 
leas, about 70% wA», a. leas, abou, 75% „*», a, leas, about 80% wA,. a. leall, 85 * 
wAv or a, leas, about 90% w/W of me active substance contained in the^n^T 
10 ^«dw«h 1 nmeseoond« m e P enodofr ro . m ore t hanabout2hours. 

In specific embodiment, me sak. second ttne period is no, more man abou, 90 min such 
as e.g no, more man about 60 m.„. no, more ,han abou, 50 m*. no, more «,anTuU5 
. 5 L Z T 7 T 40 TO ' — 35 « — - a^O 

i ™ ::: r a r 25 m more *- *- 20 - ™ •» — • « 

A drug delivery system according ,o me present invent may contain one or more acdve 
20 substances contained in one or mora different types of units. 

ft^lt! T"" fe COn,a ' ne<, " ,he Un, " n w ° f •» i> - III) and/or In a 
further layer v, funding the inner core. In a specfflc embodiment of me .nvlon ml 

S A uZ""r d f" 6 ' 3 ^ ^ SyStom aCOT ** " ■» '"venuon Is especial* 
^btawhen the ecuve substance - su^ec. ,o coion absorption and/orexo^lta lectin 
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The present Inventors have found mat in order to obtain a drug deliver, system ma. 
enab.es a predetermined detay in the reiease of me acUve substance and a, the Zn. 

die acbve substance, namely one principle for the delay In those parts of me 
gasbolntasbna. « wherein me pH u in ,he acidio region and another p^pta for me 



delay in those pans of the gastrointestinal tract wherein „m • . „ 

alkaline region. ^ " merein ^ PH is In the neutral and 

The principle employed in those parts of the oa a i mi n. M ,- , . 

5 actdic region ,s eased on - eric 1^ ^ptot ' 

coating ma, „ substantlal)y lnso|uble „ ^1 * * Prm * Bn9 3 

natural and alkaline environment ^J^T ' " Wh,Ch * SO,ub,e in a 
— a» insoluhto ,„ a^la Tul sT b rne y ; S ; *** ^ 

the release is dependent on a shift of pH^ro! ,n T ^ AeC0Kl,n ^ 

10 region. MOfpHfrom,heai! ««d'«glnntotheneut ra i/alkaline 

The individual and interindMdual variations vrithr^ .. 

"f minor importance when a drunl ^ 10 9a8 ' riC are ^fore 

Funhermo™ In 2^ ^ aCCOrd ' n9 * " * aW " l «'- 

independent of whether the pattont is in JlTSZ^T* 

ceneraKy seen when a single unit composition is ^ to ^ " 

when the delivery system -J^^^" "» ^ «*" * - - 
cut or is defined as the tow«, JT , ' ln «» P"»ent context the term -pH 

temper of »" ^ » * Wh ' Ch ** e " ,enC "°*™ r te a. a 

25 found M it ls an advanleTdell?! ' ^ PreSeW '"^"^ ha ™ 

«me m the stomach has pr!2i« Z SVS ' em **" "l—"* - ■» Ml 

atomach norma, ly s about^ o7 ^ Whereas ,hB " H " 

the ileum and about 6-8 in the coin* xr, , )Unum ' about 6 °- 7 - 5 

ftom a phamv.ceu.ee. J^C^T? * " *° * "> « 



contained In the unit hprnm*. « _ c * u °yea. i nen the active substance 

PH dependent release - enteric coating 

10 As mentioned above, the unit(s) contained in a drug delivery system of «h„ 

invention is fare* en*#ow «««very system of the present 

-ayer of the iZir " ^ "»*• NOmral * «* — • * 'He outermost 

As mentioned above, the term "nw /*.... • . . 
'^-."•artcpe^^ 

■» si wJT " W 35 ^ ato 6 "** 9 °' •» ** de«very system irHo 

20 

25 tarn abou, 5.0 ,o ^ ^ S ° '° ^ * 3 ' *» about 5 0 •» — 6.0, 

•ron, abou, 5.0 to 5 5 10 a60U ' — 5 0 to — " «r 

-30 ^oseace-atep^C^Serr 0 '; ff 
oto. ecetate succnate. ce M ose acetate ^ ° „ 

carboxymethyl ethylceiiuiose for^iin . . ., 11,8,6 CAT * H «* 0 " about pH 5.0). 

acetate phthalete. hydroxyorLTl, hyd, °Wropyl methyloeltulose 

6). methaaytic acid coporymer rtJZT^ u ^ ' ° U ' ab ° ut 5 5 «" ab ° u < 

oopo^er (Eudragi, FsTZII^ k f T * abOU ' * m6,haa * c a * 
rag,. FS) (pH cut off abeu, 7.5), po^vlnyl acetate phthalete PVAP 



be su,,ab,a a, addC **■ ^ ** "-■*« * ™» 



The cores 



" ~ 5~™== ===== 

and estate of an ac«va subsC ' SPherBS ' «*■"*««■ baads 

- Asaht Kasei Corporation 
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• IPC Process Center eller Synlapharm 

- NPPharm 

5 sucrose spheres may be obtained from: 

- Hanns G. Werner 

- Penwest 

- NP Pharm 



e.g.. horses, pigs. JZ etc ""I" ma ' e^la, ■*»"» «* as. 

materia, for use „ aTthe ^ " S9m '- S « « A suitable 

device for extrecng a partTa l a " r me " , ° d " a ****>*■ a 

collagen oora may na« a^mT e * ° V meanS * l W*a«=«- The 

ncn-porous form^T" 2t IT' '. T" " ««"»*''•»• • tetany 

pm to abou, 120 Z J ™ " m '° ^ 1200 « "™ a >°"' 

^apa rtd es^eof ^co^Tel. h '~—*«* ■» Mention 

25 350 pm,o about 5^ a " hemO5 ' abOU,500 " mtoal -^ 000 pm. or from abou. 

in some eases me parllcle si2a ^ „ „ ^ ^ ^ 2 ^ 

1.8 «* beiow alt f £££ ^ b0U, f J** ab °« " g/cm*. beiow abou, 
me case o, sucrose or ££££ ?i ' * " »*" ab ™' 1 55 <*m». ,„ 
Ho»ever. the *, oiffe™ '* * abOU ' " 

which may be rel a.ed to me «™ ?T h a —» P»— . 

35 watoreontemeto.) to^T?"*' l ** ,HI ^ 

- mate*, enjo^^? T ^ -~" * "* 
suitable results. P rere ' n Specl " c «««*»» are given that lead to 
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Time controlled release 

prevents any active s^l,! , T ^ 9 10 3 C6rtaln <te9ree « sen «^ 

'0 layer* ^Z^^^T*^"*"*^™*^^ 

15 coathg tayer and ™ t * ,hS " * COmained M,hin ' *** «• 

20 =^==r^=rs ~r 

ntecnantsn* n»y etso be opeT^ ~- A een,b,na„on o, 

be an advantaged ZT^T h ^ " ^ ,ayer lnSkte *• «"»• ™« ™V 

water or a^eo J , m2L *I IT SWe " i "" e ' aVer StartS «*" "» 
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When a certain size of the swellable layer is obtained, the film coating will no longer be 
flexible enough to withstand any disruption and it will break, explode or be destroyed. 

In this manner a predetermined lag time may be obtained by controlling the time it takes 
for the swellable layer to swell to such an extent that the film coating layer is disrupted or 
destructed. In the case of an osmotically active layer (in those cases where the time 
controlled layer predominantly contains an osmotically active substance) and an 
effervescent active layer, the end result is the same as mentioned above, namely 
disruption or breakage of the film coating layer. 



The lag tome may be adjusted by careful selection of I) the specific composition of the time 
controlled layer, ii) the thickness or amount of the time controlled layer, iii) the specific 
composition of the film coating layer and/or iv) the thickness of the film coating layer 
Suitable additives may be added to the time controlled layer and/or the film coating layer 
15 In order to adjust the lag time. 

In a delivery system according to the invention, the film coating normally comprises a 
water insoluble polymer selected from the group consisting of: 

Ammonio methacrylate copolymer (Eudragit RL, Eudragit RS). cellulose acetate, cellulose 
acetate butyrate, cellulose acetate propionate, cellulose butyrate. cellulose propionate, 
cellulose valerate, crospovidone, ethyl cellulose, hydroxypropylcellulose, 
hydroxyethylcellulose. polyacrylate dispersion (Eudragit NE), 
polydiethylaminomethylstyrene, polymethylstyrene, polyvinyl acetate, polyvinyl formal, 
polyvinyl butyryl. wax, and mixtures thereof 



25 



In a specific embodiment, the water insoluble polymer creates a relatively non-flexible film 
coatmg. This may be obtained by application of a polymer that has a relatively short chain 
length and/or by avoiding any or excessive amount of plasticizer. 

30 In a further embodiment, the film coating layer iii) comprises ethyl cellulose and/or 

hydroxypropylcellulose. As mentioned above, short chain length polymers are suitable for 
use such as. e.g., ethyl cellulose that has a viscosity of at the most about 20 cps. 



In a specific embodiment of the invention, the film coating layer iii) comprises ethyl 
35 cellulose. 



** pmha.a.e. dlbJl^T ^T"* 5lllca dtoxlde , * 

'0 donate. d te%1 ^^1^1^ .^ ma,a,e - *"* matea '* *** 

«-* beha J ££2 9*— estate. 

^ Sl""^ ydroSenated ^^'^n.teuane. 

15 <**e. zlnc steanate. ^ ***** ™" 

1000. ,450. ,1500, 2 TiTC 3350 In" 9 - * ** «* 
20 PEGs having a moiacuia vT M ^!T T^™' 60 °°- *»■ *>°00. or 35000 

The time controlled layer il) of a drug delivery svstem «f h. • 
I^s 00 "^" ^ *° *~ - - ™ PH-nacauUc^ accspte.te 

Alglnlc acid, alginates, cartjoxymethyleellulose caldun, ~ k 

crospovrdona. M^xypnopyf^Tn^ ^^"^ S ° d ' Um 
low subs UtU ted hyd rowropylce ^TJS* ^T™'' *»"*>**». (HPMC). 
Potessium. po,yaav«c acid. ^^TT"' potec * 



arcane acid, fumaric acid, etc., and mixtures thereof. 

5 

Active substances 

T* T* 8 " 08 " 8,8 «*• -*» ,„ eny suitabte form 

y<^ Z ^ *"* * ■«"»■ " present ,„ racelor 
Zo^ r *""■ FUrtHe,m0r9 - " may 1)8 "mi-sotid or 

P^lZdl T 7 m ^«**»«#>»> <™- Furthermore „may* 
^ P'^n^asm.cron.sedpowderorintheforrnofasoliddisperslon. 

of aedve substances for use in a drug de«ve^ system aooord,„ B to me 
25 "» active substances w«h,„ the betokened cfasses are especatiy 

Agents where local effect in the colon are interesting 

The Anthetmlc agents Mebenasote and Uvamisote Ha are used as examptes: 
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a benzimldazCe agent, acfce against most nematode, ana 

somecestodee worms. Tha adverse-affects after the usual used therapeutic doaee are 
marnly occurring from the gastro-lnteslinal tract 

5 a^TMT"* r * • rea,ment ° f ^ ~° «e*ns 

ascana Is (roundworm,, enterobiasis (threadworm). Wchuriasis (whlpwomr) and 

ancytostcrmasts (hookworm) infections and is also useful In mixed infections 

flora (h. Gl tract and undergoes extensively fira,-pass elimination, being metabolised in 
f«r o 6 T" ' n *• * * »"*"»«' *« - -tebolitas and eZTml 

maZ* % t 2% * ° ra ' adm ' niS,ered *" ls ™ ««*angad or as 
matabolrtas ,n tha urine. Mabeneajle is highfy p rotei „ bound. 

15 taiMhg a colon specific formulafion of Mebanazole the number and severity of the 
adverse^ffects occurring from tha Gl-aact might be decreased. 

Levamiso,. HC. is active against a range of worms, but is mainly used In ascariasis 
(roundworm), ancyloaomtasis (hocWm, and necatoriasis infelns Lev^HC. 

lmmUne reSPOnSe ' — • — adC^y for 
adenocarcmoma of the colon following surgery. merepyror 

30 By formulating a colon specific fbrmub.ion the number and severity of the adverse eftac* 
Other examples are: 

wiesalaane, Olsalazine, Sulphasalazine. Alosetron 
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Corticosteroids, for example: 
Betamethasone, Budesonide, Dexamethasone 

Anthelmintics, for example- 

5 szs £r HC| - *~ ^ *— -* — * 

Laxatives, for example: 
Bisacodyl 

10 

Agents where colon delivery could be interest!™ i» ~~ * . 

once daily CR product '"terestlng in regards to a development of a 

sTbsLT 6 " 1 r mP ' e il,UStrateS 8 PreParaU ° n ° f 3 f — for deiivery of the drug 

20 hTZCLt? r h fe a * a,sd wiihin ,he human bMy * * «*> 

□ZZ h ■*« ™'^"te desgiymidodnne. 

25 Orotic reguraton, disorders and dysfbncBons; consmuilona, hvpo.ens.on- 

d«Z=r eJacula,l °" •«« orthostatic hypotension in conneolion wilh 

intrinc- k treatment with neuroleptics and antidepressives- 

^T"'" 5 » — — tension; and severe orJreT ' 



syndromes, diabetes me*u, disease and Parkinson* disease " ^ 

5 ^rinemayalsobeusedforlhetteatanentofsyncope. 

~l a m ; ° f ^ « — <n=.udin 8 «. 

U.5A ma ml y f OT ,he treatment of orthostatic hypotension. 

beat,™. ' ^ ""^ *" mua n °' be lhan 4 hours before 

-emanated by flrst-pass , « 

desipramine. imipramine sbwes me «C£ ^ T m8 ' ab0 " te 

absorption from piein formuia.on, can bTdetyeT' ^ ^ emP * in9 " 

expressed in terms of imipramine hydrochiodde. The usua. dose bein 9 25 mg 3 
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*™ZZ, ZZT n " releVanl -* Nifedipine is an 



Nifedipine is used as example; Nifedipine is a caicium-channel Mocker with the 

^ mgniy required and might mcrease patient convenience/compliance. 
Aoenfe where once daily or more frequent administration I, refevam 

~ T, s r * b — • 
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ana™ or acute myocardial Infarction) and with a total serum-cholesterol concentration of 
S mmo« or greater. Statins should also be considered for patients who have had corena* 
arte* bypass surgery or angioplasty, or who have other clinically overt atheroscleretlc 
disease such as cerebrovascular disease (non-haemorrhaglc stroke or transient 
5 fschaemic aftacks, or peripheral vascular disease because these patients are at risk of 
major coronary events, statins also reduce the incidence of non-haemorrhagic stroke 
when used for secondary prevention in coronary heart disease. 

Stauns have a role in primary prevent of «,rona* 8v8nls ,„ at lrKreaM(J 

0 Rrsk of corena* events is not acouratoly predicted from cholesterol concentrations alone 
and methods mat take into account factors such as smoking, hypertension and diabetes 
mel rtus should be used to estimate risk. A statin should be considered for patients with a 

<* 5 itrnH or greater and a coronary heart disease 
risk of 30 A or greater over 10 years, for prima* prevention following a trial of lifestyle 
15 measures and other appropriate interventions. 

For prima* and seconds* prevention of corona* heart disease, statin treatment should 
be adjusted to achieve a target total cholesterol concentration of less than 5 mmol/l (or a 
20 TT'.T*"*'** ■**»• a Wconcentrafion); in terms of LDL-choJem 
oTn^T b8 belOW 3 """" ** 3 — " * ~« 30% « - a .owe; 



i^dlTr r 8eS,S ,Ha ' °' StaUnS " >ay benem 8,1 « high risk. 

25 Ire atm T 3 Ch0 ' eS,erol " n0 " , " ta « tess '"an 5 mmot/l; Ihese findings 
are awaiting confirmation. y 

Bone e/fecfs 

Experimental evidence based on respective studies suggests that the cholesterol- 

30 "T^"" 5 inCrease bone *"»*» '"own by a significant increase of 

bone-mrneral densrty associated wfih taking statins In postmenopausal women (Edwards 
CJ et at. Lancet 2000; 355: 2218 - 2219). 

Otfiere/fecfe 

35 L^T* 10 ^ ' aVOrable ' mPaC ' 0 " ""olttons. Elderly patients with 

35 corena* disease who take statins over the long term and show Improvements in 
psychological disorders. 
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Staflns are a.so considered therapeutically re,e,an. in combined w«h other acOve 
substances such as. e.g.. NSAIDs cox ? inh:w»« . 
invent,™ « . •» w 'nhrbitors etc. In one embodiment of the 

5 ' nVent,0n 3 SU,tab,e is with a statin and acetyl salicylic acid. 

Other examples are: 
Antiviral agents, for example: 

Abacavir. Acyclovir. Famcyclovir. Nelfinavir. Valacyclovir, Trfcivir. DesclCovir 

1 0 Antidiabetic agents, for example: 

Acarbose, Gliclazld. Insulin. Metformin, Tolbutamide 

Cough suppressants and expectorants, for example- 
15 Acety,c ^ stefne - Dextromethorphan, Pentoxyverine, Bromhexine 

Lipid regulating agents, for example: 
Acipimox 

Antidepressant agents, for example: 

20 ^blr%' miPram ^ BUPr0Pl0n ' EfeXOr ' Mapr0ti,ine ' Nefadozon 
Reboxetine. Tr.m.pramlne. Uthiumcitrate. Paroxetine 

Penicillin, for example: 

25 Am0XiC "" n ' Ptva^pec*, 
Spasmolytica. for example: 
Baclofen, Flavoxat, Propanthelinbromide, Tizanidine 

Agents for treatment of morbus meniere, for example: 
. 30 Betahistine 

Antiparkinsonian agents, for example: 

Pra ~ ***** T — 

35 

Laxatives, for example: 
Bisacodyl 
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Anxiolytic sedatives, hypnotic and neuroleptic agents, for example- 

A^zolam Bromazepam, Buspirone, Ch.ordiazepoxide, Lorazepam, Oxazepam, 

Diazepam, Clomethiazole 

5 

Glucocorticoides, for example: 
Prednisolon, Budesonide 



Diuretics, for example: 
10 Bumetanide, Furosemide 



Antihypertensive agents, for example: 

Prtr; TV 826 "' Fe ' 0diPlne ' Labeta,0l> Methy,d ° Pa ' Meto > ro, °'' <*~ P^osin, 
^ Propranolol. Verapamil. Nifedipine, Isradipine, Pindolol, Cfonidine 

Antihypotensive agents, for example: 
Midodrine, Desglymidodrine 



Antiepileptic agents, for example: 

Carbamazepine, Clonazepam. Clozabam, Gabapentine, Valproate 

Antithyroid agents, for example: 
Carbimazol 



Muscle relaxant agents, for example: 
Carisoprodol, Chloroxazone, Dantrolene 

Antibacterial agents, for example: 
Cephalexin, Cefuroxim 

Anti-arrhythmic agents, for example: 
Qulnldine, Proprafenon 



Antipsychotic agents, for example: 

Chlorpromazine, Melperon, Pipamperon. Sulpirid, Thioridazine 
Antihistamines, for example: 
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Gl-Motility stimulating agents, for example: 
5 Cisapride, Domperidone 

Antibiotics, for example: 

10 

Antimigraine agents, for example- 

£££ S^r™** me ' oprob '' propranoi ° i - ,imow ' — *• «. 

,5 P «"»"*» °' ASA and rnaoc.apran.ae, Conidbe 

Opioid agonists, for example: 

Codeine, Ketobemidone, Pentazocine, Pethidine, Tramadol 
Analgesics and anti-inflammatory agents, for example: 

and Fenazon con^a.on. Cadatn and Paraceton,* confcina.fcn. 

Anticoagulants, for example: 
25 Dipyridamol 

Anti-androgen agents, for example: 
Flutamide 

30 Anti-emetic agents, for example: 

prednisolon. prednison. methylprednisolon decadron. 

Antimicrobial agents, for example: 
Metronidazol, Trimethoprim 
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Anti-asthmatic agents, for example: 

Pentoxifylline, Theophylline, Neophylline, Salbutamol, Ephedrine 

Anti-alzheimer agents, for example: 
Rivastigmin 



Antigout agents, for example: 
Probenecid 

10 

Calcium regulating agents, for example: 
Calcitonin 



Anti-angina agents, for example: 
15 Trimetazidine, Nicorandil 

Stimulating agents, for example: 
Methylphenidate 

20 Adrenerge alfa-receptor blocking agents, for example: 
Tamsulosine 



Anticholinergic agents, for example: 
Tolferodine 

25 

Antimalaria agents, for example: 
Quinine 



30 
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Statins, for example: 

szrr'rr (rivastatin)< da,vastatin< ,ovastatin ' flu ~ *— ■ 

sCsl fl T nlSVaStatln) ' PraVaS,at,n (ePtaStat,n ' «™' — astatln, 
s.mvastat,n (epistatln, synvlnolin, velostatln) and tenivastatin 

Other agents, for example: 
Tagatose 

°3 n U g Sed trea,men ' of «"■— have «he.r pe* symp,.™ ,„ ^ earIy 



preventing the symptom peaks to occur. * ^ h ° UrS ' 

5 

The anti-arthritis agent Indomethacin is used as an exampie. 

Indomethacin is a non-steroidal anti-inflammatory agent used in the svmn.n™, 

■» terminal elimination half* ran9e from 2 6 1o ° 2 h l!T " "* " - 

25 mg 2.3 times daily To atevfato LhT J USUal ini " al dose fe 

colon deliver, Is idj Ij^! T Paln m0m,n 9 sBffness - « formulation with 

.5 o^ zzi^czz^lz:^ ^ ^ *- ^ °* ^ 

soHrble in waler and soluble ^ZT P8, ' en, *""""»* * 

Other agents are: 

Anti-asthmatic agents, for example- 
20 Pentoxifylline, Theophylline, Neophylline, Salbutamo, 

Anti-angina agents, for example: 
Trimetazidine, Nicorandil 

25 Anti-arthritis agents, for example: 

Ibuprofen, Indomethacin, Flubiprofen, Diflunisal 

30 D^of^^^^'^^^^tothas^nn^. 

3S -m^ontns*^ 

before absorption It has Jin w inaottvated in the small intestine 

Pl-on. has been demonslreled Ihat Inauim can ba absorbed in the oolon 



^ "~ a P— * to admWster 

•Mi ora»y. The dose In each mm w«„ coion retease properties i, so IE Ins* 

region of the bone formation is interesting, as this administration form m increase the 

cul„r, ,T 3 b0ne - buildln 9 «««« "» u-d alone or In combination with other 
cunen. avertable osteoporosis dnigs. which priroariiy prevent further bone toss The 
following is given a description of PTH ""ss.intne 

10 

Fluoride, prostogiedine Ej (p GE2 , ano paralhynU tmrmm 

ha a been shown to stimu|ate „ ^ fc ^ explZn a, 

« ^ *> - Urease in fracture rates and PC^hl 
unwanted skJe^ecte. me acttons of PTH seem b be rete,^ specfficforZ PTH or 

ats and dogs PTH ,mpmves bone loss in oestrogen-depleted rats in both a bone losing 
Phase end wnh estobiished osteopenia (Monetae!. CurrPham, Des 2001; 7^ 

Natoral paraihyrold hormone (PTH) is a polypeptide consisting of 84 amino adds 

calcium homeostesis through actions on kidney. Intestine and bone In kldnev PTH 

™ r! Tl h • Ph05Pha ' 9 biCa *° nate -absorpuon in the 

proxbnal tubule. The hormone aiso stimuiates cells of the proximal tubule to produce 1 25 

metabolite, which men promotes calcium uptake from the die, in the iniestei mucosa. 

Thadirec. responsiveness of different tissues and organs to PTH is mediated by cei, 
30 *l aMmembrane re «<*° re «- a™ linked to the irrtroceiiuia, product of elT 
30 adenosine monophosphate (oAMP, and diacyfciyceroHike celis in bone end i^L end 

amin .tormina, frogmen,, pt„ (e . g . PTH ^ ^ ^ ^ <J£* 
tenn na, frogmen*. AHhough a number o, investigators have sough, to eschTa 
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~? T**" " aC,to " °' ** h0m, ° ne iS -* more «"*•«■ THe acute 

supraphysiological levels in a pulsatile (e a daiiu. f» e hs„„ 

mineralized bone tissue. y 

1 ° 8nd >~ «>™«°" « •» increase bone 

ZT' ? ^ * "*" 0,1 bone to calcium into the extracellular 

ft- as a process of bone remodelling and also to maintain the serum catcitT 

- 5 ful^n CnetZ 1^ ^ ^ ~ sl >«*-« and osteoo.es, 
ncnon. The net effect of exogenous PTH administration on bone turnover deoend* on 
me pa em of PTH deOvery; , hus , a continuous infusion reduces JZZ^ZZ 

20 l^T^cIT * C ' rCU,a " n9 ^ i$ ' - »— «— "agmerns. 

e^LTT: ^ fra9mem b ^ 0°°™** * * -d mere is We 

h^man^TH 1 ra 7 PreSent aPPre0lab ' 8 " «" Venous 

^ human PTH . raptfiy metabolic primarily in the liver (60-70%, and kidney (20^, 

Parathyroid hormone (PTH). especially intact human PTH (hPTH (1 juit ^ . 
fragments hPTH (1-31) (1-341 /, Jm „ ™ ' ' * nd te vanous 

1 6,,(1 " 38 ) andlne lrniodrlicationshasbean 

35 nurnanparaC^nontr! " "° n ' an,ib ^ fo ™ aUo "- "'acnyphylaxis.The 

I+2 " 38P ™' an " O*™*- «*• ~e of the above mentioned where pT' 
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is human parathyroid hormone (hPTH) or a pharmaceutically acceptable salt 
hydrolysable ester thereof. ^praoiesait 



or 



efficient. ' o*" 8 ' ^"tetration routes may also be 



Although chronic continuous excess of PTH markedlv k» 

dramatical!* inn™ , I therapeut.c agent for osteoporosis. In addition to 

20 

iTr 8 ' y o b i e rr au "** shou ' a * «*— « « 

wtamm D, e.g. 1000-1500 mg calcium and 401W00 IU vitamin D. 

25 mZT - b0ne anab °" C "*"• P ™ b eXpeC,ed 10 * — *• *r osteoporosis in 
favourably to anbresorptive agents. (FujltaT, BloOrugs 2001:15(1 1) : 721-8). 

in a specific embodiment of the Invention the active substance contained in the 
composition is PTH, a fragment, an analog or a derivative thenTZ^ 

one or more amno acd has been substituted by other amino acids or wherein one or 
~™ aCM h - — »— « — As appears from the foiioTg. 7 
35 sTZ!r a T 9 10 ^ ,mm ™ ««* olherac. 9 . 

rrtZ, D aS> T Cate ' Um " ^unds. vitamin D such as. 

e.g., vitamin D 3 . or combinations thereof. 
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Other agents are. e.g.: 

Hormones or hormone analogues, for example- 

5 

l°r,!,T eS , ,0r9>tamPte Pheny,alaniTO «»>"**«• (PAL), which is able toprevent 
pheny M. fram reachlng lhe bl00d h ^ s 

Phenylketonuria, are Interesting in colon deliveiy. 

1 0 ^~rr,°' r- has *° ° vereome ^ •* — •»*—- • * 

«» stomach and later the proteolytic enzymes presen. in the smaB intestine, these two 
obstacles can be overoomed by delivery of PAL specifically to the colon. 

Other enzymes are. e.g. : 
15 Hum-cola tanuglnosa lipase, Hexoseamlnidase. Streptokinase. Phenytatanine ammonia. 

.nZ'n^? ar T PeC,Cd '° abS ° rbed fr ° m * «»««• P« °' »<> smat. 
intestine (absorption window) 

20 For dreg with a narrew absorption window In the smalt intestine a precise delivery of the 
*u 9 dose ,n M region of the smal, intestine might impreve toe absorpBon and Ira 
bioavailability of the given drug substance. 

An example of an active substance with an absorption window is calcium. 

mttoT.' 8 T " * ,raa,,nen, " d PreVen °° n * «—» - a result of 

malnutabon. decrease in parathyroid homtone activity and vitamin D deficiency 

Furthermore calcium is used in toe prevention and treatment of osteoporesis. ' 

. 30 oT^frr da ^ h * ed,Mdenumand ' te ^mand P assKre^toai te um ; 
Idinl! %0fm ^^ lad ^ Ste ^ doselsabsor ''«'•Thedoseofe.ementoryca,dum 
used ,n the preventran/treatment of osteoporesis is 1000-1500 mg daily. 

35 oTr. 1 ^" . *"*" ^ Cak *' m ab3 °* ed -*« '".he following is 

g-ven a more detatled descrlptton of calcium and a vitamin D such as. e.g., vitamin d. 



10 Calcium 

Function 



C*um , sessential fora numberof key(unct|ons h ^ 

nation itDashi S. Proc R Soc Lond 1980; 207:259-86). 
Calcium selected channels are a universal feat. .» «r .. 

activih/ «f k universal feature of the cell membrane and the electrical 

Because bone contains over 99% of the total body caLm sket'^T T " >' 
as the major tong-term catdum resetvolr Um *° ""*" 

25 

5? sZ ch s,u ? 5UMest ** calcium mi9ht reife ™ •»«*— 
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Kinetics 



between .ndivLls istTLT ranQe Ca,C "" n «»* »'«* °n« 

Passive and amounts * T abo ™ Z^Z oCT F T endO9en0US * 
10 both active and n,.*,,,, mgyday. On the other hand, calcium is absorbed by 

ootn actrve and passrve mechanisms (Miller J. 2. et al. Am Inst Nutr 1990-36S 7*1 n 

» ===2=======. 

Homeostasis 



parathyroid glands and the secretion of 1 25 fOH) „ . 

parathymia g ,and, ,he reduction of Z Lc^nt, T *" ^ ,he 
«ep«,dan, on ,he „ . ^ d ™ Z^^T^ZT 'T^ * 
secraton Is (he major regulator of 1 25 ram 1!! T' * Ch " 9e h PTH " 

5 oalcium and serum phoslTa^o fl !. ProdUC "'° n al,h0U9h 

vitamin O a,so mZZTJZTt " UC "° n - ,n ^ "™" «■ «*>. 
— and ^ ZZJ^TJ^Z^ ^ ~° ™ 

Skeletal pathophysiology 

<* cawum supptomentoZ Z, » ^ " 0t * 

Anting. In me pra^nl ^ * 9TOWin9 redurad «—» intake leads to 

Wake, he grl~CT TTTT ** ^ Ca,CiUm ^ "» ^ ■» 
■5 ^ua.^^^^^^^wr^.fh.ghenough.oan 

nckels. Caicium sup^ment „ T" Chr0 "' C ^ — 

incraased bone mast T^l T Postpuberta! healthy children leads to 

ca^um retJonl £££££ *" **" ' hB 
•osemar.th^edafas^s^ '"^ ° CCUmn9iU8 ' a ' ler,nenareheT ^" 
» adeguato Intoke of oa^ 8 ^ ~" ^ * —» * * <** an 

w«h caicium. The mTInTsm ^77? 08 ° P, " , " Se0 * ^™«" 9 ■» die, 
ounng gmwth era - «*» <" me ske,eton 

high oalcium Intake does raduce PTH . SUPPlieS are A 

25 and unlike^ to be the slt^^T 7 in ^ ^ "» «*- " — 

<« stunting of gJl ^11, "TT? ^ P— * 
growm falra regtCral at™ ^ ™ ^ ^ " *"* **• 

individuals who cannot or will "W"-* ara important for 

Calcium Chioride, Calcium Citrate CaZ ^ 
RuoHde. Calcium Oiubionate. cJ^T^*; ~ Cafc " ,m 
35 Hydrogen Phosphate. Calcium HydroxyapaZS^m7 t ?T P 

Calcium Lactogiuconate Calcium PhfT. ^ Caldum ^"ionate. 

™--Cha, e ^ 

o sgjycmo calcium, cornate, citrate, citrate malate, 



gUta* .aca.e. lactog.uconate. and tncalcium phosphate, are avaOabte and can ba 
ZST °" °' PreMn ' ,nWn,i0n ' 0,her —> ~ ^ „a wate" 

bona meal, dolomrfe and other unrefined calcium sources Is discouraged because these 

zz ?: ^ ' ead and o,her ^ aMm ^- *— ' • « Tso^s : x 

relevant if they are purified to a desired degree. 

.0 ctCLtf "T* 0 Ca ' dUm "^""pausa, women concludes ma. 
Return supplemental on reduced bone toss Is on average by about 1% year In the 

S t ore! T r9SPOnSe " b0nft 71,8 «""* - -*» on me 
skeleton ,s to reduce the number of osteoporotic fractures, although this effect is no. 

consent acress s,udie, (Cumming RG e. al. J Bone Miner Res .897 l^lTL 

Z£T ^ Ca,CiUm *»»°™**<°" — *"e loss Is pr a « a 
reduobon ,n serum PTH. With age mere is an Increase In serum PTH and bone love, 

Vitamin O 

Function 

In addition to its action on calcium and skeletal h« m ««»» . 

1 ?^nm , } ' l3tter ,S WWely di sMbuted in many cell types The 

andTnth" * ™* lmp0rtant h ceiLere^n 

30 

a M Z"rr dneV tQ Pr0dUCS 1 ' 2 5-(OH) 2 vitamin D iocaliy and act as 

a paracrine (Adams JS et al. Endocrinology 1996;137:4514-7). 

Metabolism 
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biologically Inert until metabolized (Block G. Am J Epidemiol 1985; 122:13-26). In the liver, 
vitamin D is metabolized to 25-OH vitamin D, which functions as the major storage form ' 
by virtue of its long half-life due to high affinity for the vitamin D binding protein (DBP) in 
blood. In the kidney 25-OH vitamin D is further metabolized by a 1a-hydroxylase enzyme 
5 to 1 ,25-(OH) 2 vitamin D, the hormone responsible for the biological effects of vitamin D. 
The activity of the 1a-hydroxylase enzyme is tightly controlled by the blood levels of PTH, 
calcium and phosphate and by 1,25-(OH) 2 yitamin D itself. Because serum 1,25-(OH) 2 
vitamin D has a much higher affinity for the VDR and a mush lower affinity for DBP than 
25-OH vitamin D, 1,25-(OH) 2 vitamin D is responsible for the action of vitamin D except 
10 under circumstances of pharmacological concentrations of 25-OH vitamin D in serum. 
These occur with oral consumption of either vitamin D or 25-OH vitamin D and lead to 
vitamin D intoxication (Monkawa T et al. Bioche Biophy Res Commu 1997; 239;527-33). 

Skeletal pathophysiology 

1 5 In humans, deficiency of vitamin D results in rickets in children and osteomalacia in adults. 
The basic abnormality is a delay in the rate of mineralization off osteoid as it is laid down 
by the osteoblast (Peacock M. London Livingstone, 1993:83-118). It is not clear whether 
this delay is due to a failure of a 1,25-(OH) 2 vitamin D-dependant mechanism in the 
osteoblast or to reduced supplies of calcium and phosphate secondary to malabsorption 

20 or a combination of both. Accompanying the mineralization delay, there is reduced supply 
of calcium and phosphate, severe secondary hyperparathyroidism with hypocalcemia 
and hypophosphatemia and increased bone turnover. 

Vitamin D insufficiency, the preclinical phase of vitamin D deficiency, also causes a 
reduced calcium supply and secondary hyperparathyroidism, albeit of a milder degree 
than found with deficiency. If this state remains chronic, osteopenia results. The 
biochemical process underlying this state of calcium insufficiency is probably 
Inappropriate levels of 1.25-(OH) 2 vitamin D due to a reduction in its substrate 25-OHD 
(Francis RM et al. Eur J Clin Invest 1983; 13:391-6). The state of vitamin D insufficiency is 
most commonly found in the elderly. With age there is a decrease in serum 25-OH vitamin 
D due to decreased sunlight exposure and possible to decreased skin synthesis. 
Furthermore, in the elderly the condition is exacerbated by a decrease in calcium intake 
and a paradoxical decrease in calcium absorption. The reduction in renal function with 
age giving rise to reduced renal 1.25-(OH) 2 vitamin D production may be a contributing 
35 factor. There are a number of studies of the effects of vitamin D supplementation on bone 
loss in the elderly. Some are without calcium supplementation and others are with calcium 
supplementation. It appears from the studies that although vitamin D supplementation is 
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necessary to reverse deficiency and Insufficiency, it is even more important as far as the 
skeleton is concerned to provide calcium supplementation since the major skeletal defect 
•s calcum deficiency. In literature based on clinical trials, recent findings suggest trends of 
need for h.gher doses of vitamin D for the elderly patients (Compston JE. BMJ 
1998;317:1466-67). An open quasi-randomised study of annual injections of 150 000- 
300.000 IU of vitamin D (corresponding toapprox. 400-800 lU/day) showed a significant 
reduction in overall fracture rate but not in the rate of hip fracture in treated patients 
<He,k,nheimo RJ et al. Calcif Tissue Int 1992; 51:105-1 10). From a recently published trial 
was concluded that four monthly ~ four times/yearly supplementation with 100.000 IU oral 
vrtamm D (corresponding to approx.800IU/day) may prevent fractures, however does not 
decrease PTH adequately, suggesting that a more frequent dose may be considered in 
future trials. 



One aspect of vitamin intoxication is increased bone resorption. Both 25-OH vitamin D 
15 and 1.25-<OH) a vitamin D at high concentrations cause increased bone resorption in vitro 
and in vivo which can be blocked by antiresorptive agents such as estrogens and 
b,sphoshonates (Gibbs et al. Postgrad Med J.1986;62:937-8). In the long term excess 
v.tam.n D leads to osteopenia (Adams et al. Annal Intern Med 1997:127; 203-6). 

20 Recommended Daily Allowance (RDA) of calcium and vitamin D 3 

(European Commission. Report on osteoporosis in the European Community. Action for 
prevention. Office for official Publications of the European Communities. Luxembourg 
1998): 



25 Group 
Newborn 



Children 



Age (years) 

0-0.5 

0.5-1.0 



1.0-3.0 
4.0-7.0 
8.0-10 



Calcium (mg)" 
400 

360-400 

400-600 
450-600 
550-700 



Vitamin D 3 (ng) 

10-25 

10-25 

10 

0-10 

0-10 



Men 



11-17 
18-24 
25-65 
65+ 



900-1000 
900-1000 
700-800 
700-800 



0-10 
0-15 
0-10 
10 



10 
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Women 


11-17 


900-1000 

WWW 1 W WW 


U-10 




18-24 


900-1000 


0-10 




25-50 


700-800 


0-10 




51-65 


800 


0-10 




65+ 


700-800 


10 


Pregnant 




700-900 


10 


Lactating 




1200 


10 



* RDA of calcium varies from country to country and is being re-evaluated in many 
countries. 
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Other agents of interest are e.g: 
1 5 Folic acid. Pravastatin. Ranitidine. Danazole. Vitamin B12. Calcium. Vitamin K 

Combination of active substances with absorption window in the small intestine 
and active substances where delivery to the colon are an advantage: 

Combinations of active substances in a drug delivery system according to the invention for 
treatment of a given indication might also be relevant. Such a combination could for 
example be a drug delivery system containing calcium aimed at the absorption window in 
the small intestine combined with colon delivery of PTH. Another relevant combination is a 
drug delivery system containing a vitamin D (e.g. D 3 ) aimed at the absorption window in 
duodenum and jejunum combined with colon delivery of PTH. A further relevant 
combination is a drug delivery system containing a calcium compound and vitamin D 
aimed at being released in the small intestine combined with PTH aimed at being released 
in colon. 
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The amount of the specific active substance in a drug delivery system according to the 
30 invention depends on the condition to be treated and on the age and condition of the 

patient. Moreover it depends on the frequency of the dosing, i.e. on the system is intended 
for use 1 , 2. 3. 4. 5 or more times daily, weekly or monthly. A person skilled in the art will 
know how to decide the correct dosage in a drug delivery system of the invention. 

35 In the case of a composition containing PTH, a person skilled In the art will know which 
dose to include in the composition based on clinical relevant data. 
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The same applies in the case of a composition containing PTH in combination with a 
calcium compound and/or a vitamin D. 

The active substance may be present in any suitable layer of the unit of the drug delivery 
system according to the invention. In most cases, the active substance is present in a 
layer located between the inner core and the swellable layer, but it may also be present 
e.g. dispersed in the time controlled layer such as in a swellable layer. 

Other additives 

A drug delivery system according to the invention may further comprise one or more 
pharmaceutical* acceptable excipients. The one or more pharmaceutical* acceptable 
exaprents may be present in any layer of the unit or added to the unit or units e.g. in order 
to enable compression of the units into e.g. tablets or in order to facilitate the 
manufacturing process and filling of the delivery system into a suitable dosage form (e g 
15 capsules, sachets etc.). " a * 
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Suitable pharmaceutical* acceptable excipients are seiected from the group consisting of 
fillers, diluents, binders and sweeteners. 

20 Specific examples include: 

Agar, alginate e.g. sodium alginate, calcium bicarbonate, calcium carbonate, calcium 
hydrogen phosphate, calcium phosphate, calcium sulphate, carboxyalkylcellulose 
cellulose, charged sodium polystyrene sulphonate resin, dextran. dextrates. dextrin 
d.basic calcium phosphate (Emcompress), ethy. cellulose, gelatine, glucose, glyceryl 

25 palmrtostearate, gummi arabicum. hydroxyethyl cellulose, hydroxypropyl cellulose 

hydroxypropy.methy.ce.lu.ose, magnesium carbonate, magnesium chloride, magnesium 
ox.de. maltodextrin. methy.cellu.ose, microcrystalline cellulose, modified starches 
polyethylene giycol, polyethylene oxide, polysaccharides e.g. dextran. polyvinylpyrrolidone 
(PVP). polyvmylpyrrolidone/vinyl acetate copolymer, soy polysaccharide, sodium 

30 carbonate, sodium chloride, sodium phosphate, starch, dextrose, fructose, glycerin 
glucose. Isomalt, lactltol. lactose, maltitol. maltose, mannitol, aorbitol, sucrose, tagatose 
rehalose. xylitol, alitame, aspartame, acesulfam potassium, cyclamic acid, cyclamate salt 
(e.g. calcium cyclamate, sodium cyclamate), neohesperidine dihydrochalcone, thaumatin 
sacchann, saccharin salt (e.g. ammonium saccharin, calcium saccharin, potassium ' 

35 sacchann. sodium saccharin), sucralose and mixtures thereof 



35 

One or more excipients may also be added in order to improve the stability, the taste, the 
storage time etc. of the composition (or the active substance(s) contained in the 
composition) or to improve the bioavailability of the active substance(s) including the 
dissolution rate, the absorption rate and the extent of absorption. To this end incorporation 
5 of an enhancer is suitable. In the following is given a number of examples on enhancers 
suitable for use in a composition of the present invention. Although the discussion is 
focused on peptides, the enhancers may suitably be used for any active substance for 
which an improvement in absorption is desired. Thus, the discussion below is not intended 
to limit the invention in any way. In those cases, where an enhancer is present in a 
10 composition of the invention, it can be incorporated in any of the layers contained in the 
composition. Normally, it is incorporated in the layer containing the active substance for 
which absorption should be enhanced or in a layer in close proximity to this. 

The absorption of peptides and proteins in the gastrointestinal (Gl) tract is low. because 
the absorption depends on various important factors: the size, instability in the Gl-tract 
etc. The peptides and proteins can be chemical deactivated by different proteases. The 
absorption may be improved by use of enzyme inhibitors, which may result in the 
deactivations of the enzymes (proteases). However, enzyme inhibitors might be absorbed 
and trigger several side effects including systemic toxicity. In general, low molecular 
20 weight absorption enhancers disrupt the mucosal layer of the gut tissue. There is 
therefore a risk that enhancement in absorption of peptides and proteins can be 
accompanied by toxic effects of such enhancers. Another way to improve the oral 
absorption is to increase the stability of peptides and proteins in the Gl-tract by chemical 
modification. 
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It is therefore essential to ensure that, by opening tight junctions, the enzyme inhibitors 
and absorption enhancers are not absorbed together with the peptides or proteins. 

Carrier systems are necessary to increase the residence time of the delivery system for a 
. 30 specific period of time or to delivery of the peptides or proteins at a desirable absorption 
site .n the Gl-tract, during which the peptides or proteins can be released and absorbed. 
These carrier systems should not essentially influence the physicochemical properties of 
the peptides or proteins. 

35 Below are lists different types of substances that are suitable for use in a composition 
according to the invention in order to improve the absorption of one or more active 
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substances In particular of peptides and proteins either by inhibiting enzymes or 
enhancing the absorption of peptides and proteins. 

Enzyme inhibitors, for example 

Protease inhibitors (e.g. Aprotinin, Carboxyl Esterase, Carboxymethylcellulose-Bowman- 
B.rk, Carboxymethylcellulose-Elastatinal, Chicken Ovomucoid, Chymostatin, Duck 
Ovomucoid, Lactate dehydrogenase. Leupeptin. Bestatin, <x2-Macroglobulin. Soybean 
Trypsin) 



10 Chelating agents (e.g. Ethylenediaminetetraacetic Acid (EDTA), Chitosan-EDTA 

Chitosan-EDTA-Antipain.Chitosan-EDTA-Chymostatin,Chitosan-EDTA-Elastatinal. 
Chitosan-EDTA-Bowman-Birk inhibitor) 

Various polymers (e.g. Carbomer, Chitosan, Chitosan-Antipain, Chitosan-Chymostatin 
15 Chrtosan-Elastatinal. Chitosan-DTPA (DTPA=DiethyleneTriaminePentaacetic Add) 
Polycarbophil) 

Of the above-mentioned enzyme inhibitors, Chitosan-EDTA, Chitosan-EDTA-Antipain 
Ch,tosan-EDTA-Chymostatin, Chitosan-EDTA-Elastatinal, Chitosan-EDTA-Bowman-Birk 

20 ,nh,bitor, Chitosan-Antipain. Chitosan-Chymostatin. Chitosan-Elastatinal. Chitosan-DTPA 
are especially suitable for use because enzymes inhibitors with low molecular weight such 
as Aprotinin or EDTA will be absorbed easily and may cause side effects as systemic 
toxicity. It is possible to avoid their systemic absorption and to exclude side effects (e g 
by covalent attach the enzyme inhibitors to unabsorbable hydrophilic matrices of high 

25 molecular weight or polymers with mucoadhesive properties (e.g. Chitosan)). Additionally 
th.s approach may increase the luminal concentration and result in more effective 
inactivation of the enzymes. 
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Absorption enhancers 

Ideally, appropriate absorption enhancers for use in a composition of the Invention should 
have the following properties. A) Compatible with peptides and proteins with respects to 
possible chemical interaction, which might change the physlcochemical structure and 
Pharmacological activity of the peptides and proteins. B) Rapid response to open the tight 
junctions. C) Afford therapeutic levels of peptides or proteins in the systemic circulation. 
D) Rapid reversible effect to dose the tight junctions in order to diminish probable side 
effeds by avoiding the uptake of unwanted toxic substances in the intestine 
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Fatty acids and surfactants increase the epithelial membrane permeability by interacting 
w,th the phospholipids bilayer of the intestinal membranes and may cause toxic side 
effects in the cells. 
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5 Fatty acids, fatty alcohols and fatty esters, for example: 

Ethyl Oleate, Sodium Oleate. Laurie Acid, Methyl Laurate. Oleic Acid, Sodium Caprate 

Surfactants, for example: 

Dioctyl Calcium Sulfosuccinate, Dioctyl Potassium Sulfosuccinate, 
1 0 Dodecyltrimethylammonium Bromide. Glyceryl Monooleate. 

Hexadecyltrimethylammonium Bromide. Trimethyltetradecylammonium Bromide 
Polyoxyehtylene Ethers (Polyoxyehtylene-g-lauryl Ether), Polysorbates, Sodium Dodecyl 
Sulphate. Sodium Dioctyl Sulfosuccinate. Sodium Laurate. Sodium Laury. Sulfate. Sodium 
5-methoxysalicylate. Sodium Salicylate, Sorbitan Esters 

Selective absorption enhancers of a high molecular weight, such as anionic polyacrylates 
and cattonic chitosans, may manage to selectively open the tight junctions. In addition to 
the ability of mucoadhesive substances to bind unspecifically to mucus, they may also 
■ncrease paracellular permeability and inhibit the action of proteolytic enzymes. The 
.ncreased paracellular permeability may allow not only the active substance but also toxic 
substances to be absorbed into the systemic circulation. Chitosan and its derivates (e g 
N-Trimethy. Chitosan Chloride) are known as potential absorption enhancers for peptides 
and protems. They manage to selectively open the tight junctions to allow the passive 
absorption of peptides and proteins via the paracellular pathway. They display 
mucoadhesive properties and enhance the interaction of the delivery systems with the 
intestinal mucosa to prolong the duration of absorption. 

Mucoadhesive polymers, for example: 

Alginate. Cellulose derivates (e.g. Carboxymethylcellulose. Methylcellulose. Hydroyethyl 
. 30 Cellulose, Hydroxypropyl Cellulose. Hydroxypropyl Methylcellulose. Sodium 

Carboxymethylcellulose). Carbomer. Carbopol (Polyacrylic Acid). Carbopol-PEG, Chitin 
Chitosan (a(1^,2-amino 2 deoxy p-glucan). Trimethyl Chitosan. N-Trimethyl Chitosan ' 
Chlonde. Poly(acrylamide), Polyacrylates (e.g. Poly(alkyl cyanoacrylate), PolWbutyl 
cyanoacrylate), Polyethylene Glyco., Polyethylene Oxide. Poly(ethyl cyanoacrylate) 
Poly(2-hydroxyethyl methacrylate). Poly(lsobutyl cyanoacrylate) Poly(isohexyl 
cyanoacrylate). Poly(methyl methacrylate)). Poly(D,L-lac«c acid). Poly-DL-Lactide- 
poly(ethy.ene glycol). Poly(lactic acid-co-g.ycolic acid). Polyanhydrides (e.g. Po.y(fumaric 



25 



35 



38 

anhydride), poly(fumaric-co-sebacic anhydride)), Polyvinyl alcohol), Polycarbophll 
Polycarbophil-Cystelne, Polymethylmethacrylate), Povldine-{polyvlnylpyrrolldone), Starch 
<e.g. Amylose, Amylopectin). Sodium Hyaluronate. Hyaluronic acid, Thiolated polymers 
(Thiomers)). Of particular interest are Chltosans 

5 

Bile salts enhance the transmembrane transport of endogenous and exogenous lipophilic 
compounds as well as the paracellular transport of polar hydrophilic molecules across the 
intestinal epithelium. 

1 0 Bile salts, for example: 

Sodium Deoxycholate. Deoxycholic Acid. Sodium Cholate, Cholic Acid, Sodium 
Glycocholate, Sodium Glycodeoxycholate, Sodium Taurocholate, Sodium 
Taurodeoxycholate 

15 Cytoadhesives bind specifically- via a receptor-ligand-like interaction - to the surface of 
the ep.thel.al cells. They may transmit signals, which induce substrate-specific vesicular 
transport processes. From a toxicological point of view these specific transport processes 
may be preferred to the general increase of permeability offered by some mucoadhesives 
Lectins are protein or glycoproteins of nonimmunological origin, which specifically 

20 recognise sugar molecules and therefore are capable of binding to glycosylated 
membrane components. 

Cytoadhesives, for example: 

Lectins (e.g. Lycopersicon Esculentum Agglutinin, Wheat Germ Agglutinin, Urtica Dioica 
25 Agglutinin). 

A new family of low molecular weight carriers, derived from N-acylated amino acids have 

been developed and are also useful in the present context. They are thought to increase 

selectively the mucosal uptake by inducing conformational changes in the peptide 

30 molecules. While forming non-covalent bonds with the carrier, the molecules undergo 

partial unfolding and may both relax their shape and expose inner lipophilic residues thus 

facilitating their transmembrane passage. Unlike traditional surfactants and detergents 

this class of absorption enhancer has certain specificity for peptides and proteins and ' 

polyaminoglycans and is practically devoid of toxic activity toward the intestinal epithelial 
-3d ceils. 
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N-acylated Amino Acids (especially N-[8-(2-hydroxy-4-methoxy)bensoyl]amino Caprylic 
Acid (4-MOAC), 4-[4-(2-hydroxybenzoyl)amino]butyric Acid, Sodium N-[8-(2- 
hydroxybenzoyl)amino]-caprylate) 

5 Various other suitable absorption enhancers are listed below. 
Phospholipids, for example: 

Hexadecylphosphocholine,Dimyristoylphosphatidylglycerol.Lysophosphatidylglycerol, 
Phosphatidylinositol, 1 .2.Di(2,4^ctadecadienoyl). S n-glycerol-3-phosphorylcholine and 
10 Phosphatidylcholines (e.g. Didecanoyl-L-phosphatidylcholine, 
Dilauroylphosphatidylcholine.DipalmitoylPhosphatidylcholine, 
Distearoylphosphatidylcholine). Lysophosphatidylcholine is of particular interest. 

Cyclodextrins. for example: 
1 5 p-Cyclodextrin, Dimethyl-0-Cyclodextrin, y-Cyclodextrin. Hydroxypropyl 0-cyclodextrin, 
Methyl Cyclodextrin; especially Dimethyl-p-Cydodextrin is of particular interest 

Fusidic Acid derivatives, for example: 

Sodium Taurodihydrofusidate, Sodium Glycodihydrofusidate. Sodium Phosphate- 
20 Dihydrofusidate; especially Sodium Taurodihydrofusidate is of particulare interest 

Microspheres, for example: 

Microspheres of Starch, Microspheres of Dextran, Micronspheres of Hyaluronic Acid 
Ester 

25 

Others: 

Sodium salts of e.g. glycyrrhizic acid, capric acid, alkanes (e.g. azacycloalkanes), amines 
and amides (e.g. N-methyl-pyrrolidone, Azone), amino acids and modified amino acids 
compounds (e.g. acetyl-L-cysteine), polyols (e.g. propyleneglycol, hydrogels), sulfoxides 

30 (e.g. dimethylsulfoxide), terpenes (e.g. carvone). ammonium glycyrrizinate, hyluronic acid 
isopropyl myristate, n-lauryl-beta-D-maltopyranoside. saponins, DL-octanonylcamitine 
chloride, palmitoyl-DL-camiUne chloride, DL-stearoylcarnitine chloride, acylcamitines 
ethylenediaminedihydro-chloride, phosphate-dihydrofusidate. sodium CAP): especially n- 
lauryl-beta.D.maltopyranoside is of particular interest, alpha 1000 peptide, peptide 

35 MW<1000 comprising at least 6 mo|o/ 0 of aspartate and gGlutamic Acid, decomposed 
royal jelly, vitamin D 2 , vitamin D 3 , hydroxy-vitamin D 3 . 1.25-dihydroxy-vitamin D 3 . spirulina 
proteoglycan, soyahydrolysate, lysin, lachc acid, di-fructose-anhydrid. vylitol Ca-(lactate) ' 
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hydrolyzate of casein in particular a caseinoglycomacropeptide, negative ionization of 
CaCOg, acetylsalicylic acid, vitamin K, creatin. 

Other specific embodiments of the invention 
5 A drug delivery system according to the present invention may further comprise a second 
type of units comprising the same or a different active substance and the first and second 
types of units being designed to release the active substance(s) with different release 
rates. It may also comprise a third type of units comprising the same or a different active 
substance and the first, second and types of units being designed to release the active 
1 0 substance(s) with different release rates. 

In a specific embodiment, the second and/or third type of units is designed to release the 
active substance in a controlled manner and/or. alternatively the second and/or third type 
of units is designed to release the active substance relatively fast from the system upon 
1 5 oral administration. 

In another embodiment a drug delivery system according to the present invention 
comprises a mixture of units of the first, second and third types, wherein units of the first 
type are designed to release the active substance in the colon, units of the second type 
20 are designed to release the active substance in sustained manner and units of the third 
type are designed to release the active substance in a relatively fast manner upon oral 
administration. 

The layer ii) may be contained in admixture with layer i). and the system may comprise a 
25 further therapeutically, prophylactically and/or diagnostically active substance. 

in some cases the first type of units may also comprise a further active substance so as to 
obtain a so-called combination composition. 

30 In a specific embodiment a drug delivery system according to the invention comprises as 
active substance midodrine and/or desglymidodrine of a pharmaceutically acceptable salt 
thereof. The system may be composed of one or more different types of units as 
described above in order to obtain a suitable dissolution pattern for the active substance 
and. accordingly, to be able to obtain a suitable plasma concentration in mammals such 

35 as humans after oral administration. 
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In those cases where a drug delivery system according to the invention contains 
midodrine and/or desglymidodrine and the system e.g. contains three different types of 
unit which each contains the active substance, but each type of unit has been designed to 
release the active substance in a specific manner (such as. e.g. the first type of units is 
5 designed to release the active substance in the colon, the second type of units is 
designed to release the active substance in a controlled manner, and the third type of 
units is designed to release the active substance almost immediately upon oral 
administration), the desired dissolution profile depends on a number of factors such as, 
e.g., the proportion of the total amount of the active substance that is present in each type 

10 of units. However, an overall dissolution profile should reflect a quick release follow by a 
relatively steady state, which again is followed by a quick release (corresponding to the 
release in colon) and then a decline. In such case, the individual profiles may vary within a 
broad range such as those described above. A person skilled in the art will be able to 
envisage other and more specific profiles suitable as a target for an individual active 

IS substance. 

Accordingly, a suitable drug delivery system containing midodrine is a system, wherein 
the in vitro release is determined employing an in vitro dissolution method according to 
USP or Ph.Eur. and the in vitro release of midodrine and/or desglymidodrine calculated in 
20 percentage based on the declared content (% w/w) could be as exemplified in the 

following (in the present context the terms "at the most about" and "not more than about" 
are intended to have the same meaning): 
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Alternative 1 

About 0.5 hours after start of the dissolution test at the most about 80% w/w is released. 
About 3 hours after start of the dissolution test at least about 5% w/w is released, and/or 
30 About 8 hours after start of the dissolution test at least about 50% w/w is released. 
Alternative 2 

About 0.5 hours after start of the dissolution test at the most about 70% w/w is released, 
About 3 hours after start of the dissolution test at least about 10% w/w is released, and/or 
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About 8 hours after start of the dissolution test at least about 60% w/w is released. 
Alternative 3 

5 About 0.5 hours after start of the dissolution test at the most about 60% w/w Is released, 
About 3 hours after start of the dissolution test at least about 15% w/w is released, and/or 
About 8 hours after start of the dissolution test at least about 70% w/w is released 

10 

Alternative 4 

About 0.5 hours after start of the dissolution test at the most about 60% w/w is released, 
15 About 3 hours after start of the dissolution test at least about 20% w/w is released, and/or 
About 8 hours after start of the dissolution test at least about 70% w/w is released. 

Alternative 5 

20 1 

About 0.5 hours after start of the dissolution test at the most about 60% w/w is released, 
About 4 hours after start of the dissolution test at least about 15% w/w is released, and/or 
25 About 7 hours after start of the dissolution test at least about 60% w/w is released. 
Alternative 6 

About 0.5 hours after start of the dissolution test at the most about 60% w/w is released 

30 

About 4 hours after start of the dissolution test at least about 10% w/w and/or at the most 
about 90% w/w is released, and/or 

About 7 hours after start of the dissolution test at least about 70% w/w is released 

35 

Alternative 7 
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About 0.5 hours after start of the dissolution test at the most about 60% w/w is released. 

About 4 hours after start of the dissolution test at least about 20% w/w and/or at the most 
about 90% w/w is released, and/or 

5 

About 7 hours after start of the dissolution test at least about 70% w/w is released. 
Alternative 8 

10 About 0.5 hours after start of the dissolution test at the most about 50% w/w is released, 

About 4 hours after start of the dissolution test at least about 30% w/w w/w is released, 
and/or 

1 5 About 7 hours after start of the dissolution test at least about 75% w/w is released. 
Alternative 9 

About 0.5 hours after start of the dissolution test at the most about 50% w/w and/or at 
20 least about 1 0% w/w is released, 

About 4 hours after start of the dissolution test at least about 40% w/w w/w and/or at the 
most about 90% is released, and/or 

25 About 7 hours after start of the dissolution test at least about 80% w/w Is released. 
Alternative 10 

About 0.5 hours after start of the dissolution test at the most about 45% w/w and/or at 
30 least about 1 5% w/w is released. 

About 4 hours after start of the dissolution test at least about 45% w/w w/w and/or at the 
most about 80% is released, and/or 

35 About 7 hours after start of the dissolution test at least about 85% w/w is released. 
Alternative 11 
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About 0.5 hours after start of the dissolution test at the most about 50% w/w is released, 

About 5 hours after start of the dissolution test at least about 20% w/w such as. e.g., at 
5 least about 30% w/w or at least about 50% w/w is released, and/or 

About 6 hours after start of the dissolution test at least about 50% w/w such as. e.g.. at 
least about 60% w/w. at least about 70% w/w. at least about 80% w/w or at least about 
85% w/w is released. 
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Other suitable dissolution profiles are: 



Time (hours) 
0.5 
15 3 
5 



range (% w/w of declared content) 

5-80 

10-95 

20-100 



Time (hours) 
0.5 
20 3 
5 



range (% w/w of declared content) 

10-70 

10-95 

20-100 



Time (hours) 
0.5 
25 3 
5 



range (% w/w of declared content) 

5-60 

10-95 

20-100 



Time (hours) 
0.5 
30 3 
5 



range (% w/w of declared content) 

5-50 

10-95 

20-100 



Time (hours) 
0.5 
35 3 
5 



range (% w/w of declared content) 

5-80 

20-90 

20-100 



Time (hours) 

0.5 

3 

5 
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range (% w/w of declared content) 

5-80 

25-85 

20-100 
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15 



20 



25 



Time (hours) 

0.5 

3 

5 

Time (hours) 

0.5 

3 

5 

Time (hours) 

0.5 

3 

5 

Time (hours) 

0.5 

3 

5 



range (% w/w of declared content) 

5-80 

30-80 

20-100 

range (% w/w of declared content) 

5-80 

30-70 

20-100 

range (% w/w of declared content) 

10-50 

30-70 

40-80 

range (% w/w of declared content) 

20-40 

40-65 

50-75 



or any combination thereof 
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The following table may be read as individual points on a dissolution profile or in any 
combination. Accordingly, a drug delivery system containing midodrine and/or 
desglymidodrine may fulfil one or more of the following requirement for each pair of (time, 
%) 
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Time (hours) 

0.5 

1 

3 

4 



range (% w/w of declared content) 
20-40 (or 5-70) 
26-46 (or 10-70) 
41-61 (or 15-80) 
46-66 (or at least 20) 
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5 51-71 (or at least 30) 

6 at least 50 (or at least 60, 70, 80 or 90) 

With respect to release of PTH from a composition comprising PTH as an active 
5 substance (optionally together with calcium and/or vitamin D), the dissolution profile would 
suitable fulfil the following: a lag time of about 2 hours (not more than 10% w/w of the 
active substance is released within this period when tested in 0.1 N HCI) followed by a 
further lag time of about 2-4 hours and then a release period where 60% w/w or more 
such as, e.g M 70% w/w or more, 75% w/w or more, 80% w/w or more, 85% w/w or more, 

10 90% w/w or more, 95% w/w or more. 98% w/w or more of the total amount of active 
substance contained in the composition is released. The release period typically last for 
from about 5 min to about 8 hours such as from about 10 min to about 7 hours, from about 
20 min to about 6.5 hours, from about 30 min to about 6 hours, from about 30 min to 
about 5.5 hours, from about 30 min to about 5 hours, from about 30 min to about 4.5 

1 5 hours or from about 30 min to about 4 hours. 

The dissolution of calcium and/or vitamin D may be relatively fast. Thus, at least 50% w/w 
such as, e.g. at least 60% w/w, at least 70% w/w, at least 80% w/w. at least 90% w/w or at 
least 95% w/w should be released within 15 min 

20 

Preparation of a drug delivery system according to the invention 

A drug delivery system according to the invention may be prepared by use of any 
convenient method. A suitable method used by the present for the preparation of a 
composition according to the invention is described in the following. The method is 
especially designed to avoid problems with respect to static electricity that leads to 
adherence of the particulate material to the coating equipment and/or other particles. 
Furthermore, such problems may lead to poor reproducibility, poor yield and/or insufficient 
and/or uneven coating. The method suitable for use in the present context also takes into 
account that the particulate matter must not be overwetted. Both situations (i.e. static 
electricity and overwetting) lead to unwanted agglomeration of the particulate material. 

The coating Is performed in coating equipment, which comprises a coating chamber 
having 

35 i) means for supply of a coating composition, and 

ii) means for supply of inlet air to provide a flow of inlet air. 
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the method comprises 

i) loading uncoated particulate material into the coating chamber, 
«) providing a flow of inlet air that has been adjusted so that the humidity of the inlet air 
ensures that unwanted agglomeration of the particulate material and/or adherence to the 
5 coating equipment are substantially reduced or avoided during the coating process, and 
iii) spraying on the particulate material a coating composition comprising a solvent that 
contains at least about 70 % v/v of one or more organic solvents and at the most about 
30% v/v of an aqueous medium, 

1 0 to obtain coated particulate material containing at the most about 20*/„ w/w (determined as 
described herein). 

In general the coating process can be performed in any suitable coating equipment such 
as, e.g.. a fluid bed (e.g. top spray, bottom spray, tangential spray), a spray dryer (e.g. co- 
1 5 current, counter-current) or a side-vented coating pan. 

In general, coating with an organic solvent based composition leads to a stronger film than 
when water based coating composition is used. By using the present method it is possible 
to avoid undesired agglomeration of particles during the coating process, which is a clear 
20 advantage form a process economical point of view. 

When coating particulate material like e.g. pellets it is the objective to supply each pellet 
w«th a uniform layer of film giving a well-defined and controllable release of the active 
substance. Therefore, agglomeration of pellets or adherence of pellets to the walls of the 
25 coating equipment may make it impossible to meet predetermined requirements such as. 
e.g„ dissolution requirements, yields, particle size etc. 

An example of such a material is cellulose spheres, which revealed many problems when 
subject to organic based coating. In general agglomeration or adherence will occur if the 

30 coatrng process is carried out under too wet conditions with a too high liquid flow rate 
However, when dealing with an organic based coating process agglomeration and/or 
adherence can also occur caused by static electricity. Static electricity will occur if the 
relative humidity in the process airflow is too low. Reducing the problem with the static 
electricity can be solved by e.g. increasing the process air flow with the purpose of making 

35 the coating process more vigorous or by making the process more wet by increasing the 
l«qu,d flow rate. However, neither of these suggestions was optimal in the present case 
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*me«mes. probtems rotating to 3ta8c ele(Wdty TOy be overeome 

of the polymer content ,„ coa B ng composition, decrease the viscosll of 

5 IrjTCr ^ ^ ^ ^ ^ a evapUn 
«>te <e.g. acetone). All these different approaches are investigated and the onty one that 
se ms to solve ^some of the prebtems (s t0 lower the polymw ..^ ^ 
normal as „ genera,* lead to too tong coating times (more than about 7 hours, Ind 
more solvent is needed, which teed to an uneonomiea, process and waste proJns 

1 0 Accordingly, other alternative solutions am necessary in order to solve the problem with 
-wanted agg^ratten. The invent have found ,ha, when me ,n,e, a i Ced an 
e^um o, water in a certain ^ m leads to . ^ „, 

that does not lead to ovenrotting of the particulate material. 

RhTuT 1 ? SOh, "° n 10 "* Prob,6m 18 «*- d by *• »<— "umidity 

level of RH ,„ the coattng chamber Is vety critical and the right level cannot be predicted 
eas y. too low RH wil, no, eiiminate me static etectricity and too high RH wil, damage the 
film foremen and may to™™™* lead to agglomeration of the pellet*. 

In a specific embodiment of a method su»ab,e for use for the preparation of a system 
Zf m~ '~ " °' ^lomTrstes te^mC me 
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the most about 3% w/w or at the most about 2% w/w based on the total weight of the 
coated particulate material. 

The above-mentioned range may suitably be determined by subjecting samples of the 
uncoated particulate material to a test, which involves coating the particulate material 
under conditions that involve changing the humidity of the inlet air and determining the 
percentage of oversized particulate material for each humidity level. 

In specific embodiments, the uncoated particulate material contains at the most about 
15% w/w of water such as at the most about 10% w/w such as. e.g., at the most about 
7.5% w/w, at the most about 7% w/w, at the most about 6% w/w, at the most about 5.5% 
w/W such as about 5% w/w. 



Examples of such a particulate material is e.g. cellulose spheres. In a specific 
1 5 embodiment, such cellulose spheres have a density of about 1 .5 g/cm 3 . 

Alternatively, the content of water in the particulate material is at the most about 5% w/w 
such as. e.g., at the most about 4.5% w/w. at the most about 4% w/w. at the most about 
3.5% w/w, at the most about 3% w/w, at the most about 2.5% w/W such as about 2% w/w 
20 or 1 % w/w. A suitable example is e.g. sucrose spheres. 

During the coating process the water content of the particulate material may be reduced 
during the coating process. This is for example observed when cellulose spheres are 
coated with a method of the invention. The reduction in water content may be at least 
25 about 25% w/w such as. e.g.. at least about 30% w/w. at least about 40% w/w. at least 
about 50% w/w. at least about 60% w/w. at least about 70% w/w or at least about 75% 
w/w. 



In a specific embodiment, the particulate material may be essentially water insoluble such 
. 30 as. e.g.. cellulose spheres, or it may essentially water soluble such as. e.g.. sucrose 
spheres. 

Solvents suitable for use in the coating process 

The coating composition suitable for use is based on an organic solvent selected from the 
35 group consisting of: 
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Acetone, chloroform, dichoromethane. ethanol. ether, hexane, isopropanol, methanol 
methyl acetate, methyl isobutyl ketone, methylene chloride, n-butanol. n-propanol, 
toluene, water, xylen, and mixtures thereof. 

In general ethanol. isopropanol and the like are preferred (if the process conditions makes 
it poss«ble) as they are normally regarded as less harmless organic solvents. 

Normally, the coating composition comprises at least about 70% v/v such as. e.g., at least 
about 85% v/v, at least about 90% v/v, at least about 95% v/v, at least about 97% v/v. at 
10 least about 99% v/v such as about 100% v/v of an organic solvent. 

The solvent of the coating composition may in certain cases contain up to about 30% v/v 
water or aqueous media. Normally water is not present in the solvent or only in 
concentrations below 25% v/v such as. e.g.. at the most about 20% v/v, at the most about 
15% v/v. at the most about 10% v/v, at the most about 5% or at the most about 2.5% v/v. 
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The coating composition may also comprise a mixture of solvents selected from the group 

consisting of (all % in vol/vol): 

20% ethanol. 80 % toluene 
20 5 % ethanol, 95 % toluene 

80% ethanol, 20 % methylene chloride 

50% ethanol, 50% methylene chloride 

20% ethanol, 80 % methylene chloride 

70 % acetone, 30 % n-propanol 
25 65% acetone, 35 % isopropanol 

50% acetone, 50% Dowanol (Dow) PM glycol ether 

14 % methanol, 86 % methylene chloride 

80 % methyl acetate, 20 % n propanot 

85% methyl acetate, 15 % methanol 
30 65% methyl acetate, 35% Dowanol (Dow) PM glycol ether 

70% Methyl isobutyl ketone, 30% methanol, and 

65% methyl isobutyl ketone, 35% ethanol. 

Coating conditions etc. 

35 As mentioned above, a very critical parameter is the relative humidity. The relative 
humidity in the coating chamber during coating is from about 20 to about 60% such as, 
e.g.. from about 25% to about 55% such as, e.g., from about 25% to about 50%. from ' 
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about 25% to about 45%, from about 30% to about 45%, from about 35% to about 50% or 
from about 25% to about 35%. Normally, a suitable relative humidity should be 
determined with a view to the product temperature. With respect to the mentioned relative 
hum>dity. the temperature of the particulate material during coating is normally kept at a 
temperature in a range from about 20 to about 60 X such as. e.g., about 20 to about 50 
C. from about 25 to about 45 X. from about 27 to about 40 X or from about 27 to about 
35 C. 
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Furthermore, it has been observed that it is of an advantage to keep the temperature 
difference between the temperature of the particulate material in the coating chamber and 
the temperature of the inlet air during coating relatively small. Thus, the temperature 
drfference is normally at the most about 15 X such as, e.g., at the most about 12 X at 
the most about 1 1 X. at the most about 10 X. at the most about 9 X. at the most about 
8 C. at the most about 7 X. at the most about 6 X or at the most about 5 X. 

In order to obtain a suitable relative humidity in the coating chamber the inlet air is 
adjusted to predetermined water content taken into consideration the temperature of the 
particulate material in the coating chamber. 

in general, the water content of the inlet air expressed as the dew point of the inlet air is at 
the most about 20 X such as. e.g., at the most about 18 X, at the most about 17 X or at 
the most about 16X and/or the dew point of the inlet air is at least about 7 X such as 
e.g . . at least about 8 X. 

25 in a specific embodiment, the temperature of the particulate material during coating is 
from about 26 to about 32 X. the dew point of the inlet air is from about 12 to about 14 X 
and the relative humidity of the coating chamber is from about 28% to about 47%. 

in anottier embodiment, the temperature of the particulate material during coating is from 
30 about 26 to about 32 X. the dew point of the inlet air is from about 14 to about 17 X and 
the relative humidity of the coating chamber is from about 34% to about 50%. 

in a further embodiment, the temperature of the particulate material during coating is from 
abou 26 to about 32 X, the dew point of the inlet air is from about 7 to about 12 X and 
35 the relative humidity of the coating chamber is from about 23% to about 35% 



Coating compositions 
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The coating composition comprises a polymer such as a film-forming polymer The 
coating may be a modified release coating, an immediate release coating, a taste- 
masking coating, an enteric coating etc. 

5 Suitably a film coating normally comprises a water Insoluble polymer selected from the 
group consisting of: 

Ammonio methac^late copolymer (Eudragti Ru , Eudragit Rs) c8Mosa 

acetate butyrate. cellulose acetate propionate. ceMoae butyrate. cellulose propionate 

■ 0 TIT T^J"*"** C * l0se ' "^oxypropylceuutese, hydroxypropy, 
.0 mothy. ce ulose (HPMC). hydroxyethylcellufose. porya«ylate dispersion (EudragU NE> 

PC ydethytantinomedtylstyrene. potyme^tsryrene. polyvinyl acetate, polyviny, La,. 

polyvinyl butyryl, wax. and mixturea thereof. 

! 5 £mT° COat "' 9 ™ y ^ POlymer SUtebte 8ntertc ■**«» - •*« 

15 from the group consisting of: 

Amylose acetate phthalate. cellulose acetate phthalate CAP (pH cot off about 6 2) 
cellulose acetate succinate, ceBulose acetate trimeWtate CAT (pH cut off about pH 5 0) 
carboxyme.hyl ethyteeliulose. formalin treated gelatine, hydroxypropyl meth^cellulose 
20 , T T nate HPMCAS <PH "* ° ff ab0U ' 5 -°- 5 - 5 >' M»xypropvl methylceHulose 
and a^t TT" ^ cut off about 5 .0 

sT^ f ^ ^ 00POlyrner <Eudrag " L > <PH "« about 5.5 and about 
6). methacryl,c acrd copolymer (Eudragi, S) (pH cut off about 7). methaoylic add 

copolymer (Eudragit FS) (pH cut off about 7.5). polyvinyl acetate phthalate PVAP 

The coating composition may further contain one or more additives such as e g a 
ptesticfcer, an antiadherence agent (e.g. PEG, talc, aerosi. etc.). a taste-masking agent 
(flavour, color, aroma etc.). an enhancer etc. 
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Other aspects of the invention 

Theinvantion also relates to a method foradmintetertng active substance to the coton. the 
memod compns,ng admimstenng to a patient a sufficient amount of a drog delivery 

35 *° ** lnVenli0n - 3 fUrther aspea ,he '™"«°" retetes to a drog 

st ZlT: C0 7 te ' n9 m " ,0< " ,ne ^ aes ^^*e for deiivedng the acL 

rat2 ^ , , ^ 3 ^ ^ b Wcal " desi «™ d » •« « -ables a 
relabvely fas. release, foilowed by a period with a ro,aUve,y constant release and then a 
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r2H" nanK ' V ^ *» «-"» -aches ma eoton 

5 Legends to figure 

«™ls h r Seh9ma, ' Callya acccnflng to toe invent. The unB 

ZZZT °7 (ln ,his examp,e - — b — ' S ^ — — * e 

Z T> , SUbStanCe ' °" U5P °" ,Ws *» te •» «™ control ,eye r 

ebout w vl^' . a ° 0U ' 1% to *"* 80% <*" about 1.5% w/w to 

.s ~r u ir a ^ 2%w/w,oabou,6o%w ' w ^ ab -' 2% ^'- b o Ut5 o % 
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T*. tai «MM ,ayer no™,* conemu.ee from about ,0% *, to abou, 90% «. 
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MATERIALS AND METHODS 
In vitro dissolution test method 
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Apparatus 
Dissolution medium 1 (0 to 2 hours) 
Dissolution medium 2 (2 to 10 hours) 
Time for medium change 
Media Temperature 
35 Agitation/flow rate/dip per minute 

Detection system 



Ph.EurVUSP dissolution apparatus 
acidic stage (up to pH 4.0) 

buffer stage (pH 5.0 to 8.0 
2 hours 

37°C±0.5°C 

established by evaluating the specific 
formulation to be tested, 
established by evaluating the specific 
formulation to be tested 
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15 



A number of unitsfarpsutes/tablels are tested. The test result is calculated by me use of a 
-ference standard of the active stance. The tea, result Is reported as the ™ o 
three or more -determinations average of 

5 

tT^ZTT " ^ 15 ^ °' de,inln9 " B " 0 "* ■ »»•« condttlons for 
the speotfio pharmaceutical formulations described in present document 

Method for quantification of degree of agglomeration 

0 The following method is used to deterrrtne the degree of agglomeration. 

• A representative sample Is drawn from the coated praduct 

' of^sT? iS " y SbndaKl SfeVe analysls "**""«« *** ** ^edons 

of a size of approx. 1 00 pm. 

• These fractions are inspected with the purpose of determining the amount of 
Womerates within each fracbcr, Aggtomera.es are defied as lumps consisting 

-n be done erther msually foliowed by quantification based on weighing or by 
based on calculabon of the voiume of the equivalent spheres of the 

oTwht2!!° merateS - ™" ^ ^ « meal0 ° for < ua "" -H-n* 
on whether the use of microscopy has been appropriate 

2 - , . h " 3 COnlen, °' m ° re ' ha ' 9 ° % °' «*— - * "enuiied. 

The smaller screen «. used to Identify this fraction is used for dividing the whole 
batoh of coated particulate materta. into two groups: good materia, and 
agglomerates. 

(w/w) of the total amount of material Is calculated. 
EXAMPLES 

fmm • • , te the ent enc membrane prevents water 

z * *: r em as ,on9 as ,he sys,am ,s *• - at °^- wen r sy r: 

entere rnto a more alkalrne environment ihe enteric membrane quickly dissolves and the 
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^z g zr b ,a9 ome siarts - The *«* ■» *— * <« 

5 ZST JTc T I"" * *■ men,brane *"* *»» * initiated 

10 

Example 1 

Preparation of cores with a Mldodrlne containing layer 

2 kg Cellulose Spheres with a particle size between 350-500^ or between 500 700 U m 

r war y P roce ssor. The nozzle was placed in the lowest position The 
d.stance from the wan to the nozzle point was 25 mm and *. ! 
mP „ tu MU m as *° mrn and the nozzle port size was 1 2 

The spray pressure was 2.5 bar and ft. regions rate on the di* LJHaZl 
, 0 '^differential assure was approximate.!, ,.s kPa. ' ° 
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Table 1 

Ingredients 

Midodrine hydrochloride 

Hydroxypropyl methylcellulose E5 
Talc 

Purified water 
Total 

Table 2 

Ingredients 

Hydroxypropyl methylcellulose E5 
Talc 

Purified water 
Total 



Amount (g) 

172.5 

63.9 

42.6 

1221.0 

1500.0 



Amount (g) 

40.0 

40.0 

920.0 

1000.0 
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riT,?,?^ 5 1 1 ™ Mid ° drine 0081 - 1% «~ «* were app»ed 
The amount of dry matter apptied b catculated ,„ percentage of the cora wetght 

5 ^ C T S8 W6re ^ 10 40 ' C and •"-*-•.««« process the 

n ma n,en,a, from.,0 ,o 20 g/mi . The We, air tenure and p^ a JTwT 

Celtutose Spheres were dried for „ minutes w» an inlet alr tempefature 
rotalionsrateonthedlskat350rpm. 

15 thTn iTtT 9 ^ ° ri9ina ' ,argest partlcte slze - Oversized material- less 

15 than 1o/o. The content of Midodnne was at reast 98o/o w/w. 



Example 2 

Preparation of controlled release 



20 ^ TT 0Wa ' ned ' rom EXa "*' e 1 "* a partfcte be^en 500-700 ™ were 
coaled wth a diffusion coat and an outer coat In a Glatt GPCG (.„« h h 

-tary processor. The composition of the dtnusJ^^rdTrrXr T 9 

W» 3. The outer ooa, compose of Example , was Jsao * ' * " 



25 Table 3 

Ingredients 

Hydroxypropyl methylceliulose E5 

Magnesium stearate 

Talc 

Eudragit NE30D 
Purified water 
Total 



Amount (g) 

9.83 

2.02 

19.65 

648.00 

820.50 

1500.00 



'n the coa«ng process 7% w/w ^ ^ ^ j% ^ ^ ^ ^ ^ 
o throughout the coalmg process the product temperature was kept at 



approximately 25 X by adjustment of the liquid flow rate In the Interval from 10 to 20 
g/min. The inlet air temperature and the process airflow were kept at approximately 45 'C 
and 100 m /h. respectively. The coated cores were cured at a product temperature of 
approximately 70 -C for 60 minutes and thereafter cooied to a product temperature below 
5 35 °C. Screened through a 1000 >im screen. Oversized material: <5% w/w. 

Example 3 

Preparation of cores with a swelling layer using suspension coating 

10 1 kg cores as obtained from Example 1 with a particle size between 350-500 M m were 
coated with a swelling agent and an outer coat in a Glatt GPCG fluid-bed equipped with a 
rotary processor. The composition of the suspension coat (25% w/W dry matter) and the 
outer coat (4.2% w/w dry matter) are shown in table 4 and 5. 

15 Table 4 

,n9fedients Amount (g) 

L-HPC LH-31 4472 

Hydroxypropyl cellulose L-/fine go3 
Ethanol 99.9% 
Total 



16125 
21500 



Table 5 

,ngredients Amount (g) 

Hydroxypropyl cellulose L-/fine 6 3.0 
Ethanol 99.9% 



Total 



1437.0 
1500.0 



20 



In the coating process 400% w/w L-HPC and 1 % w/w outer coat were applied. 



The cores were coated as described in Example 1 with the exception that the inlet air was 
humidified. The dew point was in the interval from 1 1 to 12 *C. The cores were heated to 
25 o C and throughout the coating process the product temperature was kept at 
approximately 15 *C by adjustment of the liquid flow rate in the interval from 35 to 45 
g/min The inlet air temperature and the process airflow were kept at approximately 25 «C 
and 100 m /h. respectively. The coated cores were dried on trays for approximately 24 
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T"2° c ' ^ d,,ed 01X85 wre ' rae,iona,e<, * * * — — - - 

71 0 nm and an upper screen of 1000 urn. 
Example 4 

5 Preparation of oores with an aim of obtaining a 3 hours 109 tim. 

2 Zt^^y fr0m *"* 3 ^ — - * — ' "a. in a 

Table 6 

Ingredients 

^ , Amount (g) 

Ethyl cellulose 20 563Q 

Polyethylene glycol 6000 197 o 

Colloidal silica dioxide 1 13 0 

Ethanol 99.9o/ 0 " 

t * . 7127.0 
Total 

8000.0 

in the coating process 42.2 % wAv water insoluble coat was applied. 
inLat, yad,U ^ n ' tf ^^ id " OWratel "»»^rvaifror n i0 to2 0 g / m ,n ThT 
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Example 5 

Preparation of cores for colon delivery 



GPCG sTd 7 f fr ° m EXamP,e 4 ^ «-« Wtth « enteric coat In a Glatt 



(7.5% w/w dry matter) is shown in table 7. 
30 Table 7 
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,n9redlents Amount (g) 

Hydroxypropyl methylcellulose phthalate 480.0 

Triethyl citrate 24 Q 

Colloidal silica dioxide 96 0 

Purified water 1110Q 

Ethanol99.9% 62QQQ 

T ° ta ' 8000.0 
In the coating process 29% w/w enteric coat was applied. 



The cores were coated as described in Example 4 with the exception that the dew point 
5 was ,n the interval from 14.5 to 15.8 «C. The coated cores were screened through a 1200 
pm screen. Oversized material: <5% w/w. 

Example 6 

Preparation of a Mldodrine modified re.ease composition made in the form of 
10 capsules containing multiple units 

Ih'^™^ ^ ProdUCt WM Prepar6d bV one type of co res 

^ITT* T""" 9 layer ' - ** afterwa,ds was ™™ «* — ' *»- C «" 

. 5 rr»t„ T ^ UP "* 3 ^ of « « a > except 

Z ZT^ (EXamP ' e U b ' ""^ *»" COfes W 2> and c, eo«s 

for colon delivery (Example 5). 

■me 3 different cores were men into hard gelatine eapsules step by step with capsule 
^ fitting mectene heving 3 fit. units. The emoun. of cores per oepsute k shown in teble 8. 

Table 8 

Unit . 

Cores type 1 midodrine per core type in a capsule 

Cores type 2 38 
Cores type 3 37 

Total 4nn 

100 



Example 7 

Preparation of cores containing Levamisole 
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as an 



Table 9 

Ingredients 

»„ • , Amount (g) 

Levamisole hydrochloride OKn rt 

Microcrystalllne cellulose «~ rt 

i . OB3.0 

Lactose monohydrate H „ 

c 1O37.0 

sodium carboxymethylcellulose 50 0 
Purified water 



775 g 



were h ,"L GpTg CLT ^ ^ "* ^ ™- 
^ • ^ fluid-bed for approximately 30 minutes at 50 o r Tha 

Example 8 

PraPara ' i0n ° ,COreswi,ha """"-S layer using powder layw .„ 9 

Table 10 

Ingredients 

Ui . Amount (g) 

Hydroxypropyl cellulose L-/nne 100ft 
Ethanol 99.9% 



100.0 
1900.0 



Total 
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2000.0 



In the coating process 400% w/w L-HPC was applied. 



Example 9 

^ Preparation of ooras containing Levemteole for colon delivery 

in !r d T': '"" - and an enteric coa, 

J *Z """^ "* 3 "*"» P"** 8 ** « Scribed in Examples 4 

15 

Example 10 



Table 11 
Ingredients 

Cores containing Levamisole 
Microcrystalline cellulose 
Sodium carboxymethyl starch 
Magnesium stearate 
Talc 
Total 



Amount (g) 

1500.0 

750.0 

125.0 

12.5 

112.5 

2500.0 



25 Tablets were produced from this granulate by the use of « P*« a 
— Th ° «■ °< - «*- was appro^LT^ IT 6 



Example 11 
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1 kg Cellulose Spheres with a particle size between 350-500 M m were coated with 1 a 
suspense containing a swelling agent a dissolved HPMC and Indomethacin solution and 
n Exatl?;: 3 ^ GPCG flUid " b6d 6qUiPPed With * or as described 

The outer coat composition of Example 3 was used. 



10 Table 12 

Ingredients 
L-HPC LH-31 
Indomethacin 



Amount (g) 
4472.0 



15.0 

Hydroxypropyl methylcellulose g 0 3. 0 
Ethanol 99.9% 

Dlchloromethane 
Total 



8056.0 
8054.0 
21500.0 
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Example 12 

Preparation of cores containing Indomethacin for colon delivery 

e'niv "7 ° Wained fr ° m EXamP ' e 1 1 ^ ^ With 3 water Soluble coat and an 

e1 ,rr i tt gpcg 3 fluid - bed equipped * a «-* ~» - ^ n 

Example 13 

Preparation of Indomethacin modified release composition made in the form «f 
capsules containing multiple units f ° rm ° f 



mg. W 6 mass of the capsufes was approximately 200 



5 Example 14 

Preparation of tablets containing .nsulln for colon delivery 
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Table 13 

Ingredients 

insulin (lyophilfeed rh insulin) ^ (9) 

Microcrystalline cellulose 
Sodium carboxymethylcellulose 
Magnesium stearate 
Talc 
Total 



1625.0 
375.0 
375.0 
12.5 
112.5 
2500.0 



~-^^Tr:r•«; w,, - ,, "- M,, *™■ 

20 m me c^ng prowss , 5% w/w ^ ^ aM ^ ^ ^ ^ ^ 

25 retain the Interval from 10 to 20 nT, . C of the liquid flow 

"aungs ft. coated tablets^ Z> oM5 ~ ? ^ * lhe 

approximately 2 g. "* 1 5 The ™» <" the tablets was 



approximately 2 g 
30 Example 15 
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ChZl^r*! — SW6l,ln 9 wHh .yophi.fced rhPTH. 4-MOAC and 

Chltosan-EDTA conjugate using powder layering 

1 kg Cellulose Spheres with a particle size between 350-500 m were coated with a pre- 
s,eved m,xture of ,20 g lyophBzed rhPTH (1-84) 600 g 4-MOAC. 540 g Chltosan-EDTA 

so S * qU ' PP8d ' ^ PrOMSSOr - The v*™*"*" <* «" «"der 
so^tBn (5% w/w do, matte,) is given in Table ,0. In the coating process 2% w/w rhPTH 

were apptad (based on the weigh, of the core). The binder solution was also used as 



h»Zd The d " ^ in ^ 1 , * "» ~" ,ha < "» «- * - 
15 ^ *" P °"" «~ ,he «— *« 3 te 5 -C. The cores were heated to 25 

C - the coaflng process the pred^ (emp6rature _ ^ a( 

« C by adjustment o, the „ qu ,d flow rate in me interval from 35 to 45 g/mln. The Inte, 
temperature and the process airflow were kept at approximately 25 -C and 100 m'/h 

ZT^l 1 "; ^ ^ wn drted * ™ — ~ - »»C 

30 C. The dned cores were fracUonated by screening thresh a lower 8creen of 760 
20 =ndanup P erscreenof1000 ( ,m.Thecon.en,ofrhPTHwasa, te as, 9 5%w/w. 
Example 16 

IZZ°r °' C ° n,a " ,,n9 ly0Phiteed rhPTH - ^°AC — Chftosan-EOTA 

conjugate for colon delivery 

2 kg of cores from Example 15 were coated with a water Insolubte ooa. (applying 40% 
2* a " er " eriC ^ (aWMn9 20% *» * a ^ <*» 3 fluidU eou p^d 1 a 

SaTT M deSCribed «— «— were s^ e r 
through a 1.2 mm screen. Oversized material: < S %. 

Example 17 

" P ? ,hyrOW HO " n ° ne (P ™' retease — l— made in 

the form of capsules containing multiple units 

35 SET" mzT* <4 m9) 10 tel<e ,n a<ld " ,on to a supptemen ' - -o 

Catoum and 400-1200 .u Vitamin Da (e.g. 1-3 Ca te ichew-D 3 >. The modifled release 
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Csi^zr^ fii,ing t as ^ f ° rm Examp,e 16 *■ ■« »— 

capsules. The mass of the capsules was approximately 350 mg. 
Example 18 

5 Preparation of cores containing Calcium Carbonate and Vitamin D 3 

The cores were prepared by the use of the extrusion/sphemnization technique The 
composition of the cores is shown in Table 14. «cnn.que. The 




I"* ZTT miX6d ^ W6tted ,n 3 Re,der h '9 h shear -ixer. The wetted mass 

is 

15 The cores were dried in a Gtottrprn u spnencai. 
The, h • r* ,d ' b6d f ° r a PP r °*i™tely 30 minutes at 50°C 

Example 19 

and PTH in the form of capsules containing multiple units 

Once dally productcontaining 500 mg calcium. 3200 lu vitamin D s and 4 ma PTH The 

. 25 ge^ne capsule, The mass of ate capsutes was app.oxlma.eV 1900 mg ^L, 
the cores were compressed Into tablets. mg. wrernaavely. 



CLAIMS 
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i) an inner core 

U) a time-controlled layer surrounding the Inner core 

s^TT" 9 aPPlied ° n *" •««"*«•- where* the fl.ro coating is 
- **a e„y water insoluble hut perroeable to an a,ueous mediuro. and 
iv) an outer layer of an enteric coating, 

«*"* of the acUve substance from the unit - when tested * v*o as an 

>5 average o, a. leas, th ree detentions - is no. roore than abou, ,0% WwaTaZoH 

u 2 n« ^rT?." 19 '° dS,m *"* ofthe active substance froro me 

out * „/w or not more than about 1 % wA» at the first p H value below about 4.0. 
3. A system according to claim 1 or 2, when* the first pH value is below about 3 s 
value corresponding to that of 0.1 N HCI. p 



• io A to s c rrrr t * ma preoedin9 * i * whereiri •» *» *» > f- abou, 

r . "• e ' 9 - ,rom *«« 1 -6 k> about 6 hours from about 2 0 to 
abou, 5 hours or from about 2.5 to about 4, hoo, or froro about .sTaC 4 C. 

4 • a< leas, about 85% w/w or at leas, about 90 % w/w of the acHve 



5 L A ^T aCC ° r<lin9 *° "* ° f PreC8tlin8 cWmS ' «" *«ond «me pertod Is 

» T' m ° re ' han 8b0U ' 45 ™ re *" aboul 40 * more ten 

about 35 m n. n« more than about 30 mtn. no, more man about 25 min. not mora than 

about 20 mm, not more than about 15 min. no. mora man about 10 mln of no. mora than 
aoout o mm. 

10 

7 A swan according to any of the preceding clalma. wherein the acUve substance in the 
1 5 6£ system accorelng to Calm 7. wherein me ectrve substance Is conned ,„ me further 



A system accorelng «o daim 8. wherein me further iayer v) is situated between layer I, 



and ii) 
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z^T", ^r" 9 to any ° f ,he prece<i,n9 ^ «*— is 

subject to colon absorption and/or exerts its effect in the colon. 

11. A system according to any of the preceding claims, wherein me entertc coating 

cemp rt8 esanentertc P olym8rma.hasapHcu.offofa..hemos.abou1 8 .Osuchaa eg 
in a rang, of frem about 4 to about 7.5. in a range of ftom abou. 4.5 to about 7.0 from 

I hot 0 , T """ aD ° U ' 5 0 10 ab0U, "* ,rom ^ 5 0 to *« ™ 
abort 5.0 to about 6.0. frem abou. 5.0 to abou. 5.9. from abou. 5.0 to aboul 5.7 from 

about 5.0 to about 5.6 or from about 5.0 to about 5.5. 
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12A system according to any of .he preceding claims, wherein me entertc coating 

comprises an enteric polymer selected from the group consisting of 

Amylase acetate phthatete. cellulose acetate phthalate CAP ( P H cut off abou. 6.2, 

35 ^T 0Se T? te SUMina,e ' " M '— ««* «"le,,ila,e CAT (pH culoff abou, pH 5 o, 
35 -j™* elhylcellutoee, formalin .reated gelaHne. hydroxypropy, me,hy,ceLose 

-tote ImlT h P h MCAS <0U,0ff " H *" 5 -°- 5 - 5 '' h ' d ~™ -%lceHu,oae 
acetate phmalate, hydroxypropyi melhylcellulose phlhalate HPMC* (cut off pHs about 
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IZm^l^rT* 0 ** <EUdra9i ' L) (CU ' 0ff > Hs " and 

about 6). metheoyic aad (Eudragit s) 

copofrmer (Eudragi, FS, (cut off P H about 7.5), polyvinyl aeetate phtt l te " - 

5 rrrr stareh ace,ate *— ■ - — * « 

11 A system aecor*ng to any of the pl ecedlng claims, wherein the core Is setected frem 
pnamnaoeubcelly acceptable beads, spheres, granules, granulates, and peltate. 

1 0 1* A system according to any of the preceding cialms. wherein ,he core ie setected frem 
ce cum a,g,na.e beads. ce.u,ose spheres, chewed resin spheres, gtaes beeds 

15 a*:rb2r rt,n9W ^^^^ 



isre~ 9to * mi4,whe " nmacOTis ^ fr -»»^^ 



20 



17. A system according to claim 14. wherein the core ie a coltagen^ased bead. 



n^T 9 **" 14 " 17, Wh6reln "» ■*•■»*— "ead is made of 

matena, denved frem animate such as. e.g„ horees. pigs. cows. etc.. or frem recombinant 
25 transgene. synthetic or eeml-synthetlc material. recombinant 

system according to any of the preceding claims, wherein the time.control.ed layer 
comprises a substance that Is swellable, osmotic and/or effervescent 

35 fir ZZT^ * Where "' ,he «~«**d layer te a sweitabte 

layer that swells upon contect with an aqueous medium. 
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"T?"** 10 **" —* «» *» «s oonWM by me lime I. takes 



5 » £ «r e zr to any * tt,e precedin9 daims ' whBre,n *• *• te «-»«- 

by me thickness and/or composition of the time-controlled layer, 
controlled by the thickness and/or composition of the Aim coating layer. 
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acetate butyrete. cellufose acetate propionate, cellulose buty ra te. cellulose propionate 

ce^ose raterate . crospovidone. efhyl cellulose, hydroxypropyicellulose 
hydroxyethylcellulose, polyaciylate dlsperalon (Eudraglt NE) 

^. le, ^ n i 0msth ^™. Polymemyls^ne. polyvinyl acetate, polyvinyl forma, 
polyvinyl butyiyl, wax. an d mixtures thereof nyiramat. 

L A T m T"*" 3 '° da ' m 261 Whereln «" TOter ins * b| e crates a 

relatively non-nexible film coating. «<raiesa 

25 

28. A system according to claim 26 or 27. wherein me water insoluble polymer has a 
relatively short chain length. ■* poiymer nas a 

30 ^^T** * ^ * ' he Prece ° ,n9 daims ' wherei " •» •»"> coating layer iil) 
• 30 compnses ethyl cellulose and/or hydroxypropyteliuiose. "9 layer m) 

r^'" 9 toete ' m * *» fl ' m — < <»> ethyl 
cellulose that has a viscosity of at the most about 20 cps. 

35 LIT"" T"'" 9 '° ^ ° f *• P,We< " n9 c,aims ' «•>■* *• ■« coating layer ill) 
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32. A system according to claim 31, wherein the additive modifies disruption or destruction 
of the film coating layer upon exposure to an aqueous medium. 

5 33. A system according to any of the preceding claims, wherein any of the layers such as 
e.g. the film coating layer Hi) and/or the enteric coating layer Iv) comprises an additive 
selected from the group consisting of: 

Acetylated monoglyceride. acetyltributyl, acetyltributyl citrate, acetyltriethyl citrate, benzyl 
benzoate. calcium stearate. castor oil, cetanol, chlorebutanol. colloidal silica dioxide 

10 Cutina. dibutyl phthalate, dibutyl sebacate, diethyl oxalate, diethyl malate. diethyl maleate 
diethyl malonate. diethyl fumarate. diethyl phthalate, diethyl sebacate. diethyl succinate 
d.methyl P hthalate, dioctyl phthalate, glycerin, glyceroltributyrate. glyceroltriacetate, 
glyceryl behanate, glyceryl monostearate, hydrogenated vegetable oil, lecithin, leucine 
magnesium silicate, magnesium stearate. paraffin, polyethylene glycol, propylene glycol 

1 5 polysorbate, silicone, stearic acid, talc, titanium dioxide, triacetin, tributyl citrate, triethyl 
citrate, zinc stearate. wax, and mixtures thereof. 
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34. A system according to any of claims 31-33, wherein the additive is a polyethylene 
glycol, magnesium stearate and/or paraffin. 



35. A system according to any of the preceding claims, wherein the time-controlled layer 
«) comprises a swelling agent selected from the group consisting of: 
Alginic acid, alginates, carboxymethylcellulose calcium, carboxymethylcellulose sodium 
(Ac-Di-Sol), crospovidone. hydroxypropylcellulose, hydroxypropylmethylcellulose (HPMC) 
25 low substituted hydroxypropylcellulose (L-HPC), macrocrystalline cellulose, polacrilin 
potassium, polyacryllc acid, polycarbofil. polyethylene glycol, polyvinylacetate. 
polyvinylpyrrolidone, polyvinylpyrrolidone, plasdone. sodium croscarmeltose. sodium 
starch glycolate (Explotab), starches, and mixtures thereof. 

. 30 36. A system according to any of the preceding claims, wherein the time-controlled layer 
«) comprises an effervescent agent selected from alkali metal carbonates, alkali metal 
hydrogen carbonates, alkaline earth metal carbonates, alkaline earth metal hydrogen 
carbonates, cilric acid, tartaric acid, fumaric acid. etc.. and mixtures thereof. 

35 37. A system according to any of the preceding claims, wherein the time-controlled layer 
II) compnses an osmotic agent such as, e.g., sodium chloride and/or sorbitol. 
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38. A system according to any of the preceding claims, wherein the active substance is 
present in the form of a solid dispersion. 

39. A system according to any of the preceding claims, wherein the active substance is 
5 dispersed in the time-controlled layer. 

40. A system according to any of the preceding claims further comprising one or more 
pharmaceutical^ acceptable excipients. 

10 41 . A system according to claim 40. wherein the pharmaceutical* acceptable excipient is 
selected from the group consisting of fillers, diluents and binders. 

42. A system according to claim 40 or 41 , wherein the pharmaceutical* acceptable 

excipient is selected from the group consisting of: 
1 5 Agar, alginate e.g. sodium alginate, calcium bicarbonate, calcium carbonate, calcium 

hydrogen phosphate, calcium phosphate, calcium sulphate, carboxyalkylcellulose, 

cellulose, charged sodium polystyrene sulphonate resin, dextran. dextrates. dextrin. 

dextrose, dibasic calcium phosphate (Emcompress), ethyl cellulose, fructose, gelatine 

glucose, glyceryl palmitostearate, gummi arabicum. hydroxyethyl cellulose, hydroxypropyl 
20 cellulose, hydroxypropylmethylcellulose. lactitol, lactose, magnesium carbonate. 

magnesium chloride, magnesium oxide, maltitol. rnaltodextrin. maltose, mannitol. 

methylcellulose. microcrystalline cellulose, modified starches, polyethylene glycol. 

polyethylene oxide, polysaccharides e.g. dextran. polyvinylpyrrolidone (PVP). 

polyvinylpyrrolidone/vinyl acetate copolymer, sorbitol, soy polysaccharide, sodium 
25 carbonate, sodium chloride, sodium phosphate, starch, sucrose, xylitol, and mixtures 

thereof. 



43. A system according to any of the preceding claims, wherein the pharmaceutical* 
acceptable excipient is selected from the group consisting of stabilizing agents, wetting 
agents, taste-masking agents. pH-adjusting agents, preservatives, antioxidants, 
dispersing agents, and enhancers. 

44. A system according to claim 43, wherein the pharmaceutical* acceptable excipient h 
one or more enhancers. 

45. A system according to any of the preceding claims in the form of a multiple unit 
composition. 
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46. A system according to any of claims 1-44 in the form of a single unit composition. 

47. A system according to any of ciaims 1-45 further comprising a second type of units 
comprising the same and/or a different active substance and the first and second types of 
units being designed to release the active substance(s) with different release rates. 

48. A system according to claim 47 further comprising a third type of units comprising the 
same and/or a different active substance and the first, second and types of units being 
designed to release the active substance(s) with different release rates. 

49. A system according to claim 47 or 48, wherein the second and/or third type of units is 
des.gned to release the active substance in a controlled manner 

15 50. A system according to claim 47 or 48, wherein the second ad/or third type of units is 
des.gned to release the active substance relatively fast from the system upon oral 
administration. 

51 . A system according to any of claims 47-50 comprising a mixture of units of the first 
20 second and third types, wherein units of the first type are designed to release the active 
substance in the colon, units of the second type are designed to release the active 
substance in sustained manner and units of the third type are designed to release the 
active substance in a relatively fast manner upon oral administration. 

25 52. A system according to any of the preceding claims, wherein layer ii) is contained in 
admixture with layer i). 



53. A system according to any of the preceding claims comprising a further 
therapeutically, prophylactically and/or diagnostically active substance. 

« 30 

54. A system according to any of the preceding claims, wherein the first type of units 
comprises a further active substance. 

55. A system according to any of the preceding claims comprising as active substance 
35 mrdodrine and/or desglymidodrine of a pharmaceutical acceptable salt thereof. 
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56. A system according to any of the preceding claims, wherein the in vitro release is 
determined employing an in vitro dissolution method according to USP or Ph.Eur. 

57. A system according to claim 55 and 56. wherein the in vitro release of midodrine 
5 and/or desglymidodrine is as described herein. 

58. A system according to any of claims 1-54 comprising as an active substance PTH or a 
fragment, analog or derivative thereof. 

10 59. A system according to any of claims 1-54 comprising as an active substance a 
calcium containing compound. 



15 



60. A system according to any of claims 1-54 comprising as an active substance a vitamin 
D. 

61. A system according to claim 58 or 59 comprising i) PTH or a fragment, analog or 
derivative thereof, and ii) a calcium containing compound as active substances. 

62. A system according to any of claims 58-60 comprising i) PTH or a fragment, analog or 
20 derivative thereof, ii) a calcium containing compound as active substances, and iii) a 

vitamin D as active substances. 

63. A system according to claim 58 or 60 comprising i) PTH or a fragment, analog or 
derivative thereof, and ii) a vitamin D as active substances 

25 

64. A system according to claim 59 or 60 comprising i) a calcium containing compound 
and ii) a vitamin D as active substances. 

65. A method for administering active substances to the colon, the method comprises 
30 administering to a patient a sufficient amount of a drug delivery system according to any 

of claims 1-64. 
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